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THE GENERA OF NYCTAGINACEAE IN THE
SOUTHEASTERN UNITED STATES 1

A. Linn Bogle

NYCTAGINACEAE A. L. de Jussieu. Gen. PL 90, 1789, "Nyctagines,"

(Four-o'clock Family)

Annual or perennial herbs, sometimes scandent shrubs, or trees; stems

procumbent to erect, sometimes climbing by means of stout recurved

thorns; roots fibrous or fleshy to tuberous; leaves mostly opposite, exstipu-

late, simple, entire, equal or unequal, sessile or petiolate, membranaceous

or fleshy, glabrous or pubescent; inflorescence terminal or lateral, cymose

[or racemose], diffuse or congested, bracteate, the bracts sometimes

large and bright colored, either free or united in an involucre around one

or more flowers and sometimes simulating a calyx [or flowers axillary and

solitary] ; flowers incomplete, perfect or imperfect (the plants monoecious

or dioecious), showy or inconspicuous; perianth uniseriate, usually pen-
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tamerous, of five fused sepals, the calyx small, fleshy and inconspicuous

to large, membranaceous, petaloid and colorful, simulating a corolla;

aestivation induplicate-valvate (plicate or contorted); corolla none; sta-

mens one to many, hypogynous, filaments filiform, unequal, free or united

basally in a shallow collar, the anthers small, tetrasporangiate, 2-loculate

at maturity, dehiscing by longitudinal slits; carpel one, ovary superior,

unilocular, ovule solitary, basal, hemianatropous to anacampylotropous,

integuments 1 or 2; style long filiform; stigma capitate to penicillate.

Fruit an achene or utricle inclosed within the persistent fleshy (berry-

like) to hard and leathery glabrous or pubescent, often 5 (-10) ribbed

base of the perianth tube, the ribs often viscid glandular or bearing stalked

capitate glands; seed solitary, the seed coat membranaceous; embryo
straight or curved, cotyledons foliaceous, endosperm sparse, perisperm

abundant. Type genus: Nyctago A. L. de Jussieu, nom. illegit. = Mi-
rabilis L.

A family of about 26 (to 30) genera, containing about 300 species dis-

tributed primarily in the tropical and subtropical regions of the New
World, and represented in our area by about 14 species of four indigenous

genera (Boerhavia L., Mirabilis L., Okenia Schlechtend. & Cham., Pisonia

L.). In contrast, about 19 species of four genera {Boerhavia, Bougainvil-

lea Commerson, Mirabilis, Pisonia) occur in Malaysia, but only Pisonia

among these is unquestionably native to southeastern Asia (Stemmerik).
Boerhavia is a pantropical weed. Several species of Bougainvillea are

widely cultivated as ornamentals in the tropics, and Mirabilis Jalapa L.

has escaped from cultivation in many tropical areas.

The systematics of the family are problematical, there being no con-
sensus as to either the number of tribes represented or the number or

circumscription of some of the larger and more important genera (e.g.,

MirabiUs sensu lato, Pisonia sensu lato). The genera have been dis-

posed in four subfamilies (Fiedler) or tribes (Heimerl, 1889) or, more
recently, in five tribes (Heimerl, 1934; Eckardt), or eight tribes (Hutchin-
son). Standley (1918), considering only the genera of North America,
recognized six tribes. Depending upon the system consulted, two (Heimerl)
or three (Hutchinson) tribes are represented by the four genera indig-

The tribe Nyctagineae (Mirabileae Meissner),2 taken in the broad
2 A nomenclature problem concerning the correct name of the tribe and subtribe

containing the type genus of this family occurs because of a conflict in the wording
ot Article 19 of the International Code of Botanical Nomenclature in both the 1966
and 1972 editions, neither of which makes clear whether these names should be
Nyctagineae and Nyctagininae or Mirabileae and Mirabilinae In the 1966 edition,
two criteria are given for the names of taxa below the level of family and above that— 'ormed by adding the i

below family and above gen
be based on the same stem as the name of the next higher taxon . .

.'• (italics r
in the 1972 vera h retained, and the second is modified s<
the name of any taxon of a rank below family and above genu,
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sense of Heimerl (1934) and of Eckardt, is characterized by generally

herbaceous to shrubby habit, mostly perfect flowers, the fruit inclosed

in the persistent base of the calyx tube, and more or less folded or hooked

embryos. Four subtribes are recognized in the Nyctagineae, of which

subtribe Nyctagininae (Boerhaviinae) 2
is the largest (13 genera) and

the only subtribe represented in our area by indigenous genera (Bocr-

havia, Mirabilis, Okenia). The other three subtribes are all monogeneric

(Abroniinae, Abronia; Bougainvilleinae, Bougainvillea; Phaeoptilinae,

Phaeoptilum). The genera Abronia and Bougainvillea are cultivated as

ornamental plants in our area, but have apparently not become naturalized.

Phaeoptilum Radlk. is an endemic of Angola and Southwest Africa.

The tribe Pisonieae Meissner, containing six genera but consisting prin-

cipally of Pisonia L. and Neea Ruiz & Pavon, is characterized by trees

or woody shrubs with mostly imperfect flowers; accessory fruits, the ac-

crescent calyx base inclosing the utricle or achene; and straight embryos.

Only Pisonia is found in our area. Neea occurs in South and Central

America, approaching our area in the islands of the Caribbean.

The three remaining tribes of the family are small. Tribe Colignonieae

Standley contains only the genus Colignonia Endl., with about eleven spe-

cies in the South American Andes. Tribe Boldoeae Heimerl contains only

the monotypic genus Boldoa Cav. of Mexico and Central America, while

tribe Leucastereae Bentham & Hooker consists of four monotypic South

American genera (Andradea Allemao, Leucaster Choisy, Ramisia Baillon,

Reichenbachia Sprengel).

The relationships of the Nyctaginaceae are recognized by most authors

family names that are based on an illegitimate generic name (e.g., Caryopl

eae, Sapotaccac). Under Article 18, Note 1, these conserved fami

are both valid and legitimate, but Article 19 does not deal with the confli

Nowicke (1970) was aware of this problem and, following the 1966 editic

code then applicable, emphasized the second criterion, the name of the ne:

taxon, concluding that "the tribe Mirabileae, subtribe Boerhaa\

this genus Mirabilis, must become the tribe Nyctagineae, subtribe Nyctagini

the second criterion is to be used, Nowicke's names would also stand u

changed wording of the 1972 Code, in which '

highe.

wording oi tne

stem of the name of the type genus (Nyctago). But

criterion of bot ;le, requiring the stem of a legitimate

an included gen of the family n

je genus does r the illegitimate name Xxc-

argued that Mi .
emains the legitimate name

a for the'designa ti. r • higher taxa, wllich then become tribe Mirabileae and

Mirabilinae.
Kf 1 - hP ™d

>ted here, even though Nyctagineae and Nyctagininae

eneric name. It is desirable, however, that Article 19

unt for this problem in the Nyctaginaceae and other

conserved but are based on illegitimate generic names.
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to lie among the families of the order Centrospermae (Bentham & Hooker,

1880; Heimerl, 1889, 1934; Standley, 1909, 1918; Eckardt, 1964), or

more recently the Caryophyllales (Buxbaum, 1961; Cronquist, 1968;

Takhtajan, 1969), where they are considered either to be derived di-

rectly from the primitive phytolaccaceous stock or to be in an unclear

position (Buxbaum). With this group of families the Nyctaginaceae

share several distinctive characteristics, including the presence of beta-

lains rather than anthocyanins (Hegnauer, 1969), the frequent occur-

rence of anomalous secondary growth, the basal placentation of the ovule,

and a constellation of embryological characteristics unique to the order

(Cronquist, 1968). Hutchinson (1920, 1967) placed the family in his

order Thymelaeales after the Thymelaeaceae ("for want of a better

position") on the basis of the apetalous flowers and increasingly woody
habit among the genera of Nyctaginaceae. This position was supported

by Venkateswarlu (1948) on the basis of embryological evidence from

Pisonia aculeata, but the bulk of morphological and anatomical evidence

favors affinity with the Caryophyllales. Physiological evidence also sup-

ports this affinity, since Kendrick & Hillman have demonstrated in Mira-

bilis Jalapa L. and other species of Centrospermae the absence of a dark

reaction which converts the far-red absorbing form of phytochrome to

the red absorbing form. The presence of such a reaction is typical of

other dicotyledons, but is lacking in monocotyledons, and its absence in

these species is seen as a further suggestion of common physiology and
ancestry between the Centrospermae and monocotyledons.

The Nyctaginaceae are distinguished from the closely related Phytolac-

caceae by their usually opposite leaves, mostly cymose inflorescences, syn-

sepalous and often corolla-like calyces that are plicate or contorted in

the bud, solitary uniovulate carpel, and fruit an achene inclosed in the

accrescent calyx base.

Gametic and somatic chromosome counts reported in the literature in-

dicate diploid numbers of In = 92, ca. 92, ca. 88-92 in Abronia; In =
ca. 58 in Allionia; In = 26, 42, and 116 in Boerhavia; In = 20, 34, 51

in Bougainvillea; In = ca. 40 in Commicarpus Standley; and In = 52,

58, ca. 58 in Mirabilis (incl. Oxybaphus). Counts are apparently lacking

for Okenia, Pisonia, and other North American genera.

Several unusual floral modifications occur in the family. The flowers

are apetalous and the calyx is inconspicuous in many genera, but in Mira-
bilis Jalapa and Okenia the calyx tube is large and colorful, simulating a
corolla, while several involucral bracts form an apparent calyx. In Bou-
gainvillea three large, brightly colored petaloid involucral bracts sur-

round a cluster of flowers with relatively small and inconspicuous calyx
tubes. The extremely sticky fruits of some Pisonia species are disseminated
by adherence to the feathers of birds, while the fruits of Okenia are
geocarpic, being pushed underground by their elongating pedicels.

Joshi & Rao found basic similarities in the floral plan and vasculature
of Boerhavia diffusa, B. repanda, Bougainvillea spectabilis, and Mira-
bilis Jalapa. In Bougainvillea the perianth receives many traces from
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both the inner and outer rings of primary bundles in the pedicel; but

in Boerhavia and Mirabilis only the inner ring of pedicellar bundles con-

tributes to the perianth, providing ten traces in two cycles of five each

in B. repanda and M. Jalapa, but only a single cycle of five traces in B.

diffusa. Reduction in the number of stamens is accompanied by reduc-

tion in the number of traces to the androecium, from seven or eight in

two cycles (Bougainvillea) to five or fewer traces in one cycle (Boerhavia,

Mirabilis). Gynoecial structure is stated to be similar to that of Rivina

L., of the Phytolaccaceae, and unlike that of the Thymelaeaceae, as ex-

emplified by Stellera L. Joshi & Rao conclude that the ancestral nycta-

ginaceous flower had a perianth supplied by 10 traces in two cycles, two

whorls of stamens, and a single carpel. They propose relationships to the

Phytolaccaceae, as opposed to the Thymelaeaceae, despite resemblances

in perianth form to the latter.

The term "anthocarp" has been used traditionally in connection with

the Nyctaginaceae to designate the combination of the fruit (an achene

or utricle) and the persistent, accrescent, hard, leathery, or fleshy base of

the calyx tube that incloses it. There is, however, considerable confusion

in the use of the term. Some authors say that there is a union between

the perianth base or receptacle and the fruit, although, as will be seen in

Figures 1-5, this is not the case in Nyctaginaceae. Jackson (Glossary

Bot. Terms, ed. 4. 1928) defined an anthocarp as "a fruit formed by

the union of the floral organs or part of them, with the fruit itself, as in

the Nyctaginaceae." Similarly Munz & Keck (Calif. Fl. 1577. 1959) and

Correll & Johnston (Man. Vase. PI. Texas 1746. 1970) say that an antho-

carp is "a structure in which the fruit proper is united with the perianth

or receptacle." Henderson & Henderson (Diet. Biol. Terms, ed. 8. 1963)

define anthocarp as "a collective or aggregated fruit formed from an en-

tire inflorescence, . .
." and both Jackson and Featherly (Taxonomic

Terminol. Higher Pis. 1954) write that anthocarpous is said of "fruits

with accessories, sometimes termed pseudocarps, as the strawberry and

pineapple."

Asa Gray took perhaps the most general view of the anthocarpous fruit

(Structural Botany, 300, 301. 1879). He wrote, "Accessory or Antho-

carpous Fruits are those of which some conspicuous portion of the fructifi-

cation neither belongs to the pistil nor is organically united with it, ex-

cept by a common insertion. The part thus imitating a fruit, while it is

really no part of the pericarp, is sometimes called a Pseudocarp. This con-

dition may occur in either simple, in aggregate, or in multiple fruits."

After giving the fruits of Gaultheria procumbens and Shepherdin [cana-

densis] as examples of simple anthocarpous fruits he added, "So, also, the

apparent achenium or nut of Mirabilis, or Four-o'clock, and of its allies,

is the thickened and indurated base of the tube of a free calyx, which

contracts at the apex and encloses the true pericarp (a utricle or thin

akene), but does not cohere with it."

In view of the multiple ways in which the term is used, the use of

"anthocarp" in the Nyctaginaceae hardly seems worth continuing, par-
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ticularly since some of the definitions incorrectly include union of the
accrescent calyx base and the fruit. It seems better, although more wordy,
to refer to the components of the accessory fruit of members of this

family as the accrescent calyx base that incloses the fruit, which is itself

an achene or utricle. (In this connection it should be added that Bux-
baum interprets the structure in Mirabilis Jalapa that most workers have
called the perianth or calyx base as being axial in nature, forming a
hypanthium around the ovary and fruit, and bearing the corolla-like

calyx at its summit.)

Embryological studies by numerous workers on several of the common
genera and species indicate 4-sporangiate anthers and pollen grains that
usually are 3-celled (rarely 2-celled) at anthesis. Ovules are crassinucel-
lar and unitegmic (Abronia, Boerhavia, Mirabilis) or bitegmic (Bougain-
villea, Oxybaphus, Pisonia), with the inner integument forming the micro-
pyle. Endosperm formation is nuclear, becoming mostly cellular except
at the chalazal end of the curved embryo sac. Development of the embryo
is of the Asterad type (Davis, Schnarf).
The form and development of the fruits, seeds, embryos, and seedlings

of 14 species of six genera have been described in detail in the extensive
comparative surveys of Lubbock and Martin. In Abronia one cotyledon
is abortive, resulting in a "monocotyledonous" embryo.

Recent comprehensive light microscope and scanning electron micro-
scope studies of nyctaginaceous pollen morphology (Nowicke; Nowicke
& Luikart) reveal a broad range of variation in such characteristics as
pollen size (22-210 micra in diameter), shape (commonly spheroidal but
with some prolate and oblate types, aperture form (variously 3-18-
colpate or 12 or more pantoporate, the pores frequently operculate), and
exine sculpturing (either spinulose and tubuliferous, the spinules vary-
ing in size and distribution, or coarsely reticulate with modification in
the ornamentation of the muri and lumina). Sexine pattern is seen as a
more significant characteristic than aperture pattern in establishing sys-
tematic relationships, and a correlation between pollen morphology and
various selective pressures (xeric conditions, pollination vectors, stigma
types) is suggested. Nowicke (1971) suggests that this correlation of
form with ecological conditions may possibly be demonstrated in the sub-
tribe Nyctagininae, which contains thirteen genera (sensu stricto) of
plants of warm, dry habitats, the pollen grains of which are characterized
by thickened walls and small, frequently sunken, operculate pores. No-
wicke's evidence supports the integrity of the tribal and subtribal delimita-
tions of Heimerl (1934), but pollen morphology within the large subtribe
Nyctagininae (Boerhaviinae) is relatively uniform and of very limited
value at the generic level.

Stem and root anatomy in the few genera of Nyctaginaceae that have
been studied (Boerhavia, Bougainvillea, Heimerliodendron, Mirabilis) is

anomalous in that: 1) the primary vascular bundles are scattered in the
ground tissue, rather than being arranged in a cylinder, and show very
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limited secondary growth; and 2), secondary thickening is due to a single,

permanently acting, extra-fascicular meristematic zone of cortical origin,

termed the primary thickening meristem. The latter produces anomalous

secondary tissue consisting of alternating bands of lignified fibers and

vessels, and nonlignified parenchyma and phloem (Maheshwari; Balfour;

Studholme & Philipson). Most studies of anomalous secondary growth in

the family have dealt mainly with the initiation of the primary thickening

meristem and its derivatives in mature stems, but recent interest has

turned to its initiation in the major organs of the seedlings. Mikesell ft

Popham found that in seedlings of Mirabilis Jalapa the primary thicken-

ing meristem first appears in the base of the stem. Subsequent develop-

ment is acropetal in the stem and basipetal into the hypocotyl and root,

where further differentiation is also acropetal. This sequence differs

slightly in seedlings of Bougainvillea spectabilis, where the primary thick-

ening meristem first appears at the base of the primary root and later

at the base of the hypocotyl. Secondary vascular bundles (desmogen

strands) arising from meristematic activity in stems of B. spectabilis ex-

hibit limited cambial activity, producing tertiary xylem and pnloem cells

(Stevenson & Popham). Length of photoperiod has been shown to affect

cell size ?nd time of lignification in conjunctive tissue of hypocotyls and

root bases of Mirabilis Jalapa seedlings (Mikesell & Popham).

Stomatal structure and ontogeny vary among the genera, with both

anomocytic (ranunculaceous) and paracytic (rubiaceous) types recorded

(Metcalf & Chalk). Inamdar reports a perigenous ontogenetic pattern

for both types in three genera of the family.

In the fledgling field of ultrastructural systematics Behnke (1969.

1972) has described "P-type" plastids, i.e., leucoplasts that elaborate pri-

marily proteinaceous inclusions, rather than starch granules as in "S-type"

plastids, in the sieve tubes of Mirabilis longiflora L.. and Pisonia Bru-

noniana Endl. Calcium oxalate raphide crystals are particularly abundant

throughout plants of Boerhavia, and are also abundant in Bougainvillea.

Mirabilis, Okenia, and Pisonia (Heimerl, 1890).

The family is of no economic significance apart from a few widely cul-

tivated ornamental species of Abronia (Sand Verbena), Mirabilis (Four-

o'clock), both annuals, and Bougainvillea, a woody vine. Less often plants

of the herbaceous Boerhavia or woody Pisonia may be found in cultiva-
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Key to the Genera of Nyctaginaceae in the Southeastern United States

General characters: Annual or perennial herbs or shrubs, trees, or woody vines
with m )stly opposite {to alternate) simple, entire to sinuate exstipulate leaves;

inflorescences terminal or lateral, basically cymose, bracteate to involucrate, the

involucres containing 1 to several flowers; flowers perfect or imperfect, small and
inconspicuous to large and showy, regular, hypogynous; sepals J, united, fleshy

membranaceous and corolla-like, constricted above the ovary,
the limb ephemeral; corolla lacking; stamens 1 to many, or few, reduced, and

" <
fr t

' mited. th withers didymous; carpel solitary, the

ovary unilocular; ovule 1, basal. Fruit accessory, the accrescent calyx base
berry-like to hard and leathery, inclosing the fruit (an achene or utricle).

A. Plants herbaceous, or woody only at the base; flowers perfect; stigma capi-

tate; embryo curved.

B. Flowers involucrate, involucres solitary in leaf axils or in terminal or
lateral loose to congested cymes; involucres 1 to several flowered.
C. involucral bracts 5, united, calyx-like, campanulate to rotate and

veiny in fruit; flowers 1 or 2-6 per involucre; stamens 3-5

1. Mirabilis.
C. Tnvolucral bracts 3 or 4, small, free; flowers solitary, axillary; peri-

anth densely pubescent without; stamens 9-18; pedicels elongating
after flowering, the fruit hypogeous 2. Okenia.

B. Flower, exinvolucrate, numerous, small (less than 1 cm.); inflorescence
a diffuse lateral or terminal cyme, tne ultimate flower clusters usually
suburrbellate; stamens 1-3 C-5) 3. Boerhavia.

Plants woody, sometimes armed; lly imperfect; stigma peni-
cillate; embryo straight 4 . pjsonia.

Tribe Nyctagineae [Mirabileae Meissner]

Subtribe Nyctagininae [Boerhaviinae Bentham & Hooker]

1. Mirabilis Linnaeus, Sp. PI. 1: 177. 1753; Gen. PI. ed. 5. 82. 1754.

Annual or perennial herbs with one to numerous stems from a tuberous
root or woody rootstock; the stems stout or slender, slightly 4-angled,
simple or Jichotomously branched, erect or decumbent as much as 1-2 m
high, densely pubescent, pubescent in lines, or glabrous, sometimes viscid



M. nyctaginea: a, flowering branch, X 1/4; b,
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or glaucous, nodes slightly swollen; leaves opposite, exstipulate, petioled

or sessile, entire; inflorescence an axillary or terminal, loose or congested

thyrsiform or paniculate cyme of involucrate flowers, or involucres soli-

tary in the axils; involucres one to few flowered, calyx-like, 5-lobed, the

lobes equal or unequal, erect, imbricate in bud, green (the margins some-

times tinged purple) glabrous or pubescent, ± campanulate, often ac-

crescent, becoming rotate and conspicuously veiny in fruit; flowers per-

fect, calyx tubular, corolla-like, the tube mostly very short, in a few
species long to very long (3-17 cm.), constricted above the ovary, the

limb campanulate to funnel-form or rotate (or not conspicuously ex-

panded), 5-lobed, the lobes retuse or emarginate, induplicate-valvate or

-plicate, the perianth ephemeral, falling after anthesis but the base per-

sistent about the ovary and thickening in fruit; stamens 3-5, hypogynous,
free or basally connate, filaments capillary, unequal, anthers didymous,
exserted, dehiscing by slits; pollen polyporate; ovary superior, sessile, of

one carpel; style filiform, longer or shorter than the stamens, stigma
capitate, papillose; ovule solitary, anacampylotropous, integuments two;
fruit accessory, the persistent calyx tube thickened, hard or leathery,

5-angled or -ribbed, the angles and surfaces smooth, rugose, or verrucose,
pubescent or glabrous, the ovary wall membranaceous ; embryo ± folded,

cotyledons foliaceous, unequal (the inner smaller), curved around an
abundant perisperm, radicle about as long as the cotyledons. (Includ-
ing J

'""
;

' i k efl not Al onia L., nom. cons.]), Oxybaphus L'Her., Ca-
lymenia Pers., Jalapa Miller, Nyctago Juss., Trimista Raf., Ad;
Nieuwl.) Type species: M. Jalapa L. (From Latin, wonderful, pre-
sumably in reference to the large colorful flowers of M. Jalapa.) — Four-
o'clock, marvel of Peru, umbrella-wort.

A New World genus of perhaps 45 (-60) species, disposed most re-
cently in six sections (Heimerl, 1934). The genus is best developed in
southwestern North America but ranges from southern Canada and New
England south to southern South America, with one species in Asia. As
many as thirty-two species (under several generic synonyms) have been
reported from the southwestern United States (Standley, 1918), but only
five occur in our area.

Section Mirabilis (sect. Eumirabilis Hook. f. in Heimerl 1934) is

characterized by one-flowered, more or less campanulate involucres that
change little in fruit. Each flower has a conspicuous corolla-like, salver-
form, or funnel-shaped (to almost cylindric) calyx, five stamens, and a
nonmucilaginous, glabrous or hairy, angled or ribbed, smooth or warty
accessory fruit. The section is represented in our area only by Mirabilis
Jalapa, four-o'clock or marvel of Peru, 2n = 54, 58, a popular garden an-
nual (or perennial in warmer regions). The erect, much-branched tu-
berous-rooted plants of this species reach a meter in height, bear mostly
ovate-deltoid to broadly ovate, glabrous, petiolate leaves with subcordate
to rounded bases, and flowers with a showy salverform calyx tube 3-6
cm. long, which varies in color from purplish to red, yellow, white, or
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variegated. The species escapes from cultivation and is naturalized in

waste places in some areas of the Southeast.

The four remaining species of our area were assigned by Heimerl (1934)

to sect. Euoxybaphus Heimerl, which contrasts with section Mirabilis in

having 2-6-flowered, campanulate involucres that become enlarged, veiny,

and more or less rotate at maturity; a shorter campanulate to funnel-

form (or rotate) calyx limb that lacks a long tube and is deeply con-

stricted above the ovary; 3-5 stamens; and fruit with a strongly 5-

ribbed, usually hairy calyx base that becomes gelatinous when wet. Mira-

bilis nyctaginea (Michx.) MacM. {Allionia nyctaginea Michx., Oxybaphus

nyctagineus (Michx.) Sweet), wild four-o'clock or heart-leaved umbrella-

wort, In = 58, forms stout, erect, much-branched glabrous (or pubescent

in lines above) plants bearing definitely petioled, usually deltoid-ovate

leaf blades with rounded to cordate bases, pedunculate, congested-cymose

inflorescences, basally short-pilose or puberulent involucres, magenta to

pale-pink (or white) calyx tubes about 10 mm. long, and a fruit with a

densely short-pilose obovoid calyx base with more or less rugose angles.

It prefers rich soil in dry open ground in prairies and waste places, rang-

ing in our area from Alabama to Louisiana and Arkansas, westward to

Texas and Mexico, northward east of the Rocky Mountains to Tennes-

see, Wisconsin, Manitoba, and Montana. To the east and west it is re-

ported as a rare adventive weed of waste places, especially along rail-

road beds and roadsides. Mirabilis albida (Walter) Heimerl (Allionia

albida Walter, Oxybaphus albidus (Walter) Sweet) is a variable species

having more or less glabrous stems bearing inconspicuous hairs in two

lines along the internodes; sessile or nearly sessile leaves with usually

lanceolate blades about 4-12 times longer than broad that vary in shape

from linear-lanceolate to narrowly elliptic or oblong; a white or pale-

pink perianth about 8-10 mm. long; and fruiting calyx bases with tuber-

culate angles. The species ranges from Georgia to Texas, northward to

South Carolina, Tennessee, Iowa, and Kansas. It is usually found in open

ground in prairies and meadows, the edges of bluffs, and limestone glades,

as well as in waste places.

The stems of Mirabilis hirsuta (Pursh) MacM. (Allionia hirsuta Pursh.

Oxybaphus hirsutus (Pursh) Sweet) are conspicuously and often densely

pubescent or viscid pubescent. The pubescent leaves are sessile or borne

on short, stout petioles, with broadly to narrowly ovate, cuneate, or

linear-lanceolate blades, truncate to rounded or attenuate bases, and gradu-

ally narrowed, obtuse apices. The mostly three-flowered, viscid-pilose

involucres may be solitary and axillary on younger plants, or grouped in

diffuse, long-pedunculate thyrsiform or paniculate cymes on mature Plan^-

The white to pink calyx tubes are 8-10 mm. long, and have 3-5 exserted

stamens. In fruit, the accrescent calyx bases have more or less smooth

angles and warty surfaces. A species of the Great Plains. M. hirsuta

occurs in dry, open soil of prairies, sandhills, and gravelly areas and is

probably adventive in our area from its native range, which extends from

Texas, Oklahoma, and western Missouri, northward to Wisconsin and
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Saskatchewan, and westward to the Rockies. Mirabilis linearis (Pursh)

Heimerl {Allionia linearis Pursh, Oxybaphus linearis (Pursh) Robinson),

In = 52, is distinguished by its thick, linear leaves 5-15 cm. long and usu-

ally less than 5 mm. broad. The stems are usually glabrous (sometimes

puberulent in lines) and often slightly woody below, developing from

a woody rootstock. The pale-pink to purplish-red perianth is about 10

mm. long, and the perianth base in fruit is smooth angled. This species

is apparently a rare adventive in our area from its range in western Mis-

souri, Oklahoma, Arizona, and Mexico, northward to Minnesota and

Montana (Steyermark, 1963).

Taxonomic opinion has varied as to the number of genera represented

in the Mirabilis group. Gray (1859) separated Mirabilis (incl. Quamo-

clidion Choisy) and Oxybaphus (including the four indigenous species

of our area) on characters of the involucre, stamen number, and fruit,

while Heimerl (1889) recognized only Mirabilis (incl. Oxybaphus, Qua-

moclidion). Many species now included in Mirabilis have synonyms in

Allionia Loefl., Allioniella Rydb., Hesperonia Standley, Oxybaphus

L'Her., and Quamoclidion Choisy. All of these genera were recognized

by Rydberg (1902) and by Standley (1909, 1911, 1918) in his earlier

papers. However, Standley (1931), the principal American student of

the family, finally concluded that "If only the species of North America

are considered, such genera as Oxybaphus, Quamoclidion, and Hesperonia

seem to be differentiated by good and constant characters ; but as so often

happens, when extra limital species are taken into account, the characters

supposed to separate the groups break down. It seems necessary, there-

fore, to follow Heimerl in considering all the plants of the group as rep-

senting a single genus." In his last revision of the genus Heimerl (1934),

the leading European student of the family, recognized about 60 species

arranged in six sections. Subgenera were recognized in Mirabilis (excl.

Oxybaphus) by Gray (1859), Jepson (1909), and Macbride (1917, 1918).

Shinners (1951) considered the species of Oxybaphus to be quite distinct,

but satisfactory as a subgenus of Mirabilis. Most authors now recognize

only Mirabilis (e.g., Reed, 1969), but Oxybaphus has been maintained as

distinct from Mirabilis on a traditional basis in some recent floristic works,

with the acknowledgment that the two might better be united (Gleason,

1952; Gleason & Cronquist, 1963).

Shinners noted that extreme seasonal, genetic, and environmental poly-

morphism exists in most of the species. He suspected hybridization in the

genus, particularly in Mirabilis albida, which shows variation suggesting

the influence of M. linearis and M. gigantea (Standley) Shinners, and

possibly other species. A modern systematic study and revision of the

genus is needed.

Chromosome counts recorded for six species of the genus show In =
52, 54, or 58 (Bolkhovskikh, Bowden, Love & Love).

Related genera include Allionia L. (nom. cons., A. incarnata, In =
ca. 58; incl. Wedelia Loefl., and Wedeliella Cockerell), which can be dis-

tinguished by its usually three-flowered, three-parted involucres of fused
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bracts, and compressed fruits bearing two rows of stipitate glands on the

dorsal surface of the calyx base, and the monotypic Hermidium S. Watson
(H. alipes S. Watscn), in which the flowers are aggregated in headlike

clusters and the pedicel of each flower is adnate to the midrib of a sub-

tending foliaceous bract. Barneby (1942) suggested that Hermidium
alipes is morphologically little more than a primitive relative of "sub-

genus Quamoclidion" and should be united with Mirabilis.

The best known species is Mirabilis Jalapa (2n = 58). Because of its

easy cultivation it has been the subject of numerous investigations in

many fields. It figured significantly in early genetic investigations on the

inheritance of flower color (see Heimerl, 1934, p. 109, for citations of

early literature; Kiernan & White, 1926; Showalter, 1934b). Although
largely attributable to Mendelian inheritance patterns, non-Mendelian
variation in flower color and plant habit due to somatic or gametic muta-
tion has also been reported (Showalter, 1934a, b; Nakajima, Melcher).

Clute reported a case of amphichromy, with both red and white flowers

on the same plant, and even in the same cluster.

Hybrids between cultivated plants of Mirabilis Jalapa and M. longi-

flora, In - 54, 58, have been known since the mid-eighteenth century,

and have also been synthesized and studied extensively with regard to the

cytological aspects of hybrid sterility (Tischler, Prakken), and to hybrid

variation and the inheritance of parental characteristics (Prakken, Bazav-

luk, Kruszewska). Jost found that the cross M. Jalapa X M. longiflora

works, but that the reciprocal cross never succeeds because the pollen tube

of the relatively short-styled M. Jalapa stops growing before it has

traversed the length of the much longer style of M. longiflora, thus pre-

venting fertilization.

In the developing seedling of Mirabilis Jalapa a transition from mono-

podial to falsely dichotomous sympodial branching occurs between the

level of the cotyledons and the fifth node. This change is brought about

by the inhibition of the terminal apex and the accelerated development

of the two lateral axillary buds at each node. It is accompanied by a

change in the organization of the apical meristem that persists until the

appearance of the first (terminal) flower (Champagnat & Laurent). Other

morphological and anatomical studies dealing with M. Jalapa include those

of Beal & Whiting; Champagnat, Champagnat, & Laurent; Lloyd;

Mirskaja; Morot; Regnault; Vardar; and Wibaut.

Clements described in detail the histogenesis of the root-stem transi-

tion zone, lateral roots, and vegetative apex in Mirabilis hirsuta and M.
nyctaginea. The ontogeny and course of the complex primary vascular

system of the internodes, nodes, petioles and lateral branches of M. Jalapa

is described by Inouye. Secondary tissues are derived from a primary

thickening meristem that in M. Jalapa is extrafascicular in origin, develop-

ing acropetally in the stem and downward through the hypocotyl into the

root, where further growth is also acropetal (Maheshwari; Mikesell &
Popham).

Floral ontogeny is acropetal in sequence, the carpel arises on one side
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of and gradually incloses an apparently terminal nucellus. The carpel

margins are fused in Mirabilis Jalapa, but are free for a short distance

in M. nyctaginea (as Oxybaphus Cervantesii), forming a small pore

(Payer). Heimerl (1887) described and illustrated in detail the anatomy
and development of the flowers and fruits of M. Jalapa, M. longiflora,

and M. nyctaginea. According to Joshi & Rao, the perianth of Mirabilis

Jalapa is supplied by ten traces arising as two pentamerous cycles from
the pedicellar stele, while a series of five stamen-traces originates above
and opposite the upper set of perianth traces. A single (dorsal) bundle

supplies the carpel, providing one trace to the basal ovule. Both the

accrescent calyx base and the basal "coalesced" portion of the androecium
which bears nectariferous tissue on its inner surface are interpreted by
Buxbaum as being outgrowths of the floral axis rather than modifications

of the perianth and androecium. The anatomy of the style and stigma
of M. Jalapa are described by Gueguen.
The earlier embryological literature on the genus was reviewed by Ro-

cen, who described the details of development and structure of the
stamens, carpels, ovules before and after fertilization, and that of the
endosperm for eight species of Mirabilis and Oxybaphus (including M.
Jalapa and M. nyctaginea). Development of the female gametophyte is

of the Polygonum type, and two gametophytes are sometimes formed.
Each locule of the tetrasporangiate anther of M. nyctaginea contains 8-
24 large pollen grains that are 3-celled when shed (Cooper). During em-
bryo development (Asterad type) almost all the free-nuclear endosperm
is absorbed by the embryo. Only a small portion of the endosperm becomes
cellular; this persists as a cap over the tip of the radicle. The pollen tube
is stated to persist throughout seed development, functioning as a haus-
tonum in the transfer of nutrient materials from secretory cells of the
funiculus to the developing embryo (Cooper; Hedeman; Schnarf; Wood-
cock). The stalk of the mature ovule is densely packed with white
raphide crystals (Pobeguin, Cooper).
One of the most interesting morphological features of the genus is the

progressive reduction in the number of flowers (as many as 12) included
within the involucre, culminating in the one-flowered inflorescences evi-
dent in sect. Mirabilis, in which the involucre imitates a calyx and the
calyx a brightly colored corolla. The flowers of Mirabilis are ephemeral,
opening in the late afternoon or evening and closing by early to mid-
morning. The time of anthesis varies among the species (Kerner, Cruden),
and poor weather conditions may delay opening and closing of flowers.
The time of anthesis may also be genetically controlled, with continuous
variation demonstrated among F x hybrid progeny resulting from crosses
between M. Jalapa and M. longiflora (Kruszewska). The mechanism con-
trolling anthesis is not known, but Meeuse concludes that the daily flower-
ing time of M. Jalapa may be determined by the time of sunset on the
preceding day.

Both self-compatible (M. Jalapa, M. longiflora M nyctaginea M
violacea) and self-incompatible (M. Froebelii, M. Greenei, M. multiflora)
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breeding systems are reported in the genus (Kerner; Baker, 1961, 1964;

Cruden, 1973). In M. nyctaginea pollination is by bees in both afternoon

and morning and by small noctuid moths at night. Chasmogamous flow-

ers are produced in early summer, cleistogamous ones in later summer.

Chasmogamous flowers can be self pollinated as the flower closes, the

coiling of the style and then the stamens bringing the stigma in contact

with the pollen. (Cruden, 1973). Both insect pollination and self polli-

nation are recorded for M. Jalapa. As the flower closes the coiling of the

style carries the stigma through the stamens at least once, sometimes

twice (Cruden, 1973; Heimerl, 1888).

Hawkmoths pollinate the white, night-blooming flowers of M. longiflora

and M. multiflora, while hawkmoths and hummingbirds are the principal

pollinators for M. Froebelii, along with bees and butterflies (Kerner;

Baker, 1961; Cruden, 1970). The "apparent" tristyly observed in M.

Froebelii by Baker (1964) is suggested by Bateman to be an early stage

in speciation by divergent adaptation to different pollinators. Cruden

(1970) suggests that selection for a single class of pollinators (hawk-

moths) has occurred in M. multiflora.

Species of Mirabilis have long been cultivated as garden annuals or

for use in folk medicine. Mirabilis Jalapa was introduced into European

horticulture, supposedly from Peru, in 1596 (Curtis, 1797; Showalter.

1934b). However, a plant reputed to be M. Jalapa is illustrated in the

Badianus Manuscript (ca. 1552; cf. Emmart), and Standley (1931) sug-

gested that the species may have originated in Mexico, since its nearest

relatives are indigenous there, while none occur in Peru. The specific

epithet derives from the very early but erroneous belief that this species

was the source of the medicinal resin "Jalap," the actual source of which

is Exogonium Purga (Hayne) Lindley, of the Convolvulaceae (Hill, 1952).

Mirabilis nyctaginea was also early cultivated in European botanical

gardens, and some species, e.g., Oxybaphus floribandus Choisy, were de-

scribed from such plants (Shinners). About ten species or hybrids of the

genus are now cultivated as ornamentals (Bailey & Bailey; Chittenden).

In areas where the plants are not hardy the fleshy roots can be lifted in

the fall and stored over the winter like Dahlia roots.

Apart from its horticultural value the genus is of no economic impor-

tance. The roots of Mirabilis Jalapa are mildly purgative and are also

used in folk medicine for dropsy. The leaves are bruised or ground for

use in poultices for boils, abscesses, and scabies. When steeped in water

the flowers provide a crimson dye used in China for tinting cakes and

also jellies prepared from seaweed. A cosmetic powder is made in Japan

from the powdered seeds (Stemmerik. Uphof).
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2. Okenia Schlechtendal & Chamisso, Linnaea 5: 92, 93. 1830.

Densely and finely glandular-pubescent annual herbs, with diffuse pros-
trate branches 2-7 feet long radiating from a short ligneous caudex on a
long narrow taproot, forming mats. Leaves opposite, markedly unequal,
the large and small alternating in position on the stem, the smaller often
not as long as the petiole of the larger; petioles long, stout, exstipulate;
blades ovate-deltoid, ovate or elliptic-ovate, the base rounded, truncate,
or subcordate, sometimes inequilateral, the apex acute to rounded, the



Figure 2. Okcnia. a-1, 0. hypogaea: a, seedling (in July) bearing develop-
ing fruit from first flower, the peduncle greatly elongated, X 3/4; b, branch
from prostrate fruiting plant (in October fruits and withered
peduncles of earlier fruits, X 1/3; c, bud with bractlets, X 3; d, open flower,
X 11/2; e, lower part of flower in partial section to show connation of staminal
filaments— note ovary free from stamens and calyx base, X 12; f, anther, X
12; g, stigma, X 12; h, nearly mature accessory fruit, X 2; i, mature fruit re-

moved from accrescent calyx base, X 3; }, mature accessory fruit in vertical

ow embryo surrounding perisperm (stippled), X 2; k, seedling
with rerr

of seed,

calyx base, of calyx base after
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margin entire to shallowly sinuate; both surfaces densely viscid-villous,

the epidermis marked by the small brown dots of the trichome bases.

Flowering stems axillary, ascending at anthesis, later deflected, pushing

underground. Flowers incomplete, perfect, cleistogamous (?); terminal,

solitary at each node, on long, often naked peduncles axillary to the small

leaf of each pair, subtended by an involucre of 3-4 small, narrow, subulate

bracts and a short pedicel. Sepals 5, united in a short, slender, funnel-

form tube, densely pubescent without, constricted above the ovary, 5-

lobed, the lobes notched, brilliant magenta [dark blue to violet or white]

;

earlier flowers 25-30 mm. in diameter, later flowers much smaller; aestiva-

tion induplicate-plicate. Stamens 9-18; filaments filiform, unequal, united

below into a short tube, magenta above to white below; anthers didy-

mous, the lobes subglobose, attached to each other and the filament at

the middle, dehiscing laterally by simple longitudinal slits. Style filiform,

long; stigma large, capitate-peltate. Ovary small; ovule campylotropous
(?). Fruit hypogeous, the thin-walled pericarp enclosed in the ± oblong
thickened corky base of the calyx tube that is longitudinally ribbed, trans-

versely plicate between the ribs, dark brown to whitish. Embryo periphe-
ral, conduplicate; cotyledons large, obovate, unequal, enclosing the starchy
perisperm; radicle about as long as the cotyledons, ascending. Type
species: O. hypogaea Schlechtendal & Cham. (Named after the German
naturalist Lorenz Oken, 1779-1851).— Dune-groundnut.

A very small and little-known genus, probably of two species, best
known in our area as a maritime dune-plant on the Keys of southeastern
Florida, where it is represented by the type species. The genus is also
distributed in Mexico on both the eastern and western coasts and in the in-

terior.

Standley (1911) described two new species (O. grandiflora and 0. ro-
se!) from specimens collected in Jalisco, Mexico, but later (1918) reduced
them to synonymy under O. hypogaea. More recently, Wilson (1958)
described 0. parviflora P. G. Wilson from inland Mexico (Michoacan,
Guerrero), a plant that is said to differ from 0. hypogaea in its much
smaller flowers and fewer (ca. 5) stamens.
The genus is notable for its subterranean fruits, which mature at

depths of 10-30 cm. below the surface and germinate in place to give rise
to new plants. After the ephemeral coralline calyx tube has fallen the
peduncle becomes deflected and, through rapid elongation, pushes the
developing fruit inclosed in the calyx base beneath the surface of the sand.
A conical cap of cells, much like a thick root-cap, develops over the tip
of the calyx base, protecting the ovary from abrasion as it is pushed be-
neath the sand (Karsten). Heimerl (1911) published brief observations
on the morphology and anatomy of the fruit, seed, embryo, and seedling,
but the vegetative anatomy, embryology, and chromosome number of the
genus are apparently unknown. This interesting genus requires further
study, particularly with regard to its floral biology and its taxonomy in
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3. Boerhavia Linnaeus, Sp. PI. 1: 3. 1753; Gen. PI. ed. 5. 4. 1754.

Annual or perennial, glabrous, pubescent, or glandular herbs, often

much branched from a narrow taproot or thickened woody rootstock;

stems slender, diffuse, erect, ascending or decumbent, becoming ± woody
below with age, the nodes swollen. Leaves simple, opposite, exstipulate,

petiolate, those of a pair unequal, the large leaves alternating on the

stem; blades gradually reduced upwards on the stem, slightly thickened,

sometimes inequilateral, pinnipalmately veined, sometimes minutely dark

dotted below, often tinged purplish, in outline broadly to narrowly del-

toid, ovate-deltoid, or ovate to elliptic-oblong or linear-lanceolate above;

margins entire; apex rounded or obtuse to acute, often mucronate; base

subcordate or truncate to rounded or in the upper leaves acutely tapering.

Lateral branches alternating on the stem, developing from the axil of the

smaller leaf, accompanied by a short, deciduous, extra-axillary branch.

Inflorescence lateral or terminal, cymose, paniculiform or thyrsiform,

bracteate or bracteolate, ± diffuse, the ultimate flower clusters often

subumbellate. Flowers small, perfect, sessile or on short- to long-jointed,

accrescent pedicels, subtended by 1-3 small bracteoles; perianth tubular

below, ± thick, 4-5 [-10] -ribbed, glabrous or glandular-pubescent along

the ribs, constricted near the middle around the top of the gynoecium, the

limb campanulate, corolla-like, ± 5-lobed, aestivation plicate, white or

pink to lavender or purple, limb deciduous. Stamens 1-3 [-5] , hypogynous,

filaments slender, free or united basally in a shallow tube around the

gynophore, anthers exserted, 4-sporangiate, 2-loculate at anthesis. didy-

mous, dehiscing by simple slits; pollen forate, binucleate (sometimes

trinucleate) when shed. Ovary shortly stipitate; style filiform; stigma

capitate-peltate, slightly exserted; ovule anacampylotropous, with a single

integument. Accrescent calyx base fleshy, clavate or obovate to narrowly

obpyramidal, closed at the apex, 4 or 5 [-10] ribbed, glabrous or sparsely
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Figure 3. Boerhavia. a-h, B. diffusa: a, tip of flowering stem, X 3/4 ; b, two
ertical section to show perianth tube surrounding
C 15; d, gynoecium and one of four stamens, three
calyx base inclosing fruit, X 12; f, fruit, X 12;

the embryo white, the perisperm

removed,

g, calyx base and fruit ir

stippled— note that calyx is not adnate
tion. cotyledons of embryo above, hypocotyl below. / 15. i. H. en
accrescent calyx base inclosing fruit, X 12.

glandular pubescent, the grooves sometimes transversely wrinkled or
longitudinally streaked with white raphides, falling with the inclosed fruit
at maturity. Fruit a utricle, carpel wall membranaceous; embryo longi-
tudinally folded at the hypocotyl, radicle straight, cotyledons unequal,
curved inward around a columnar, mealy perisperm. Lectotype species:
B. erecta L.; see Standley, Contrib. U. S. Natl. Herb. 12: 375. 1909.
(Named in honor of Herman Boerhaave, 1668-1738, Dutch naturalist
and Professor in Leiden.) — Spiderlings, Wine-flower.

A weedy genus of perhaps 3-30 species distributed in the tropical and
subtropical regions of the world, but best developed in southwestern

erica. Up to fifteen species have been recognized in the south-
western United States (Tidestrom & Kittell, 1941). Two species occur
as weeds of waste places in our area.

The morphologically variable pantropic weed Boerhavia diffusa L. (incl.



1974] BOGLE. GENERA OF NYCTAGINACEAE 25

B. caribaea Jacq., B. coccinea Miller, B. decumbens Vahl, B. hirsuta

Willd., B. paniculata Rich., B. viscosa Lag. & Rodr.), wine-flower, of sect.

Clavatae of Heimerl (1934), is a prostrate to ascending, often viscid-

pubescent weed of cultivated ground, pinelands, and waste places, with

reddish-green to red or purplish [rarely white] flowers. Its narrowly obo-

void 4- or 5-ribbed calyx bases have more or less rounded apices and

bear short-stalked capitate glandular hairs along the ribs. It is widely dis-

tributed in Florida, but apparently infrequent in the Gulf States, and

ranges westward to Texas and southern California, and southward to

the West Indies, Mexico, Central America, and South America. Bocrhavia

erecta L., spiderling, of sect. Pyramidata of Heimerl (1934), is an erect

or ascending, essentially glabrous annual up to 1 m. tall, with leaves

characteristically minutely and darkly spotted below, white or cream to

pink or pale lavendar flowers, and narrowly obpyramidal, truncate, and

glabrous accrescent calyx bases. It is also a pantropical weed, distributed

in the southern United States from Florida to Texas and Arizona, north-

ward along the Coastal Plain to North Carolina, in the Piedmont to South

Carolina, and in the Mississippi embayment- to Missouri, Arkansas, and

Oklahoma. It extends southward in the Antilles, Mexico, and Central

America to the tropics of South America.

The systematics of the genus is chaotic and badly in need of critical

study. Heimerl (1889) divided twenty species of Boerhavia among five

sections, but later (1897) reduced the sections to four. Three of these

were subsequently segregated by Standley (1909, 1911), as genera of

questionable validity. Anulocaulis Standley (1909) (sect. Solenanthe

Heimerl, 1889) was considered distinct from Boerhavia in its large, thick

leaves, distinctly tubular perianth, 10-ribbed turbinate or biturbinate

fruits, and sticky-banded internodes. The plants appear to be obligate

gypsophiles (Waterfall, 1945). About five species have been described

(Waterfall, 1945; Johnston, 1944). Commicarpus Standley (sect. Adeno-

phorae Heimerl) was set apart on the basis of a climbing or reclining

habit, short funnelform perianth, and weakly 10-ribbed clavate fruits

bearing numerous large mucilaginous glands. About sixteen species have

been recognized, ranging from the southwestern United States, the Antilles,

and Mexico, southward to northern South America, as well as in Africa,

the Middle East, and Asia (Heimerl, 1934; Balle, 1951). Cyphomeris

Standley (1911) (sect. Senckenbergia of Heimerl; incl. Lindenia Mart.

& Gal., Tinantia Mart. & Gal., Senkenbergia Schauer), has been distin-

guished by its asymmetrical, clavate eglandular calyx bases and racemose

inflorescences. Two species are known from Texas, New Mexico, and

Heimerl (1934) accepted these segregates and revised the remaining

species (sects. Pterocarpon and Micranthae, 1889), establishing four

sections, but various authors of regional floras have rejected the segre-

gates in whole (Tidestrom & Kittell, 1941) or in part, and the number

of species recognized in Boerhavia varies accordingly. Standley later (193 1

)

reduced Commicarpus to synonymy under
"
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lowed by Stemmerik (1964 a,b), but some other workers maintain the
genus. Several recent authors (Balle, 1951; Stemmerik, 1964; Woodson,
1961) have concluded that only two (or three if Commicarpus is included)
variable, pantropic species constitute the genus Boerhavia proper. Wood-
son found "no tangible differences between B. caribaea and B. coccinea
of the New World and B. diffusa of the Old World," and recognized only
B. diffusa and B. erecta. This view is adopted here.

The generic name frequently appears in the literature with the spelling
Boerhaavia, but Linnaeus latinized Boerhaave's name to "Boerhavius,"
and deliberately adopted the spelling Boerhavia, which should be used
(Sprague, 1928)

.
Although B. erecta L. is the accepted lectotype (Standley

1909), B. repens L. (Standley, 1918; Abrams, 1944), and B. diffusa L.
(Hitchcock, 1930) have also been cited as "types."
Widely differing chromosome numbers are reported for the genus, in-

cluding In = 26 and 116 for Boerhavia diffusa L., 2« = 42 for B. re-
panda Willd. (B. chinensis of Stemmerik, 1964), and In = 40 for Com-
micarpus tuberosus (Lam.) Standley (B. tuberosus Lam.). I know of no
counts from species of the southern United States.

Woodson (1961) suggests that hybridization probably occurs between
B. diffusa and B. erecta in areas where they grow together, but that it is

not sufficient to blur the species lines.

A diffuse vascular system and anomalous secondary growth charac-
terize the stems of Boerhavia diffusa and B. repanda (Maheshwari, 1929,
1930; Bhargava, 1932) and give rise to a complex nodal anatomy, with
1-3 (B. diffusa) or 5 (B. repanda) leaf traces supplying the petiole. The
leaf traces are derived from the middle ring of three concentric cycles of
bundles in the young stem, while traces from the innermost "medullary
bundles" supply the axillary branches (Pant & Mehra, 1961). The
bundles of the outer ring become connected by an interfascicular cam-
bium that initiates the development of up to 5 or more successive rings
of anomalous secondary growth containing distinct collateral bundles em-
bedded in a ( "

fied. Successi 1

i tissue of elongated living cells that become ligni-

supernumerary cambia arise in the outer parenchyma cells
of the phloem produced outwardly by the previous cambium (Mahesh-
wari, 1930; Esau, 1965).

Floral ontogeny is acropetal in sequence, with no evidence of a second
perianth whorl in either B. diffusa or B. repanda (Joshi & Rao, 1934). A
single carpel arises from one side of the base of a terminal nucellus and
gradually incloses it. Development of the male and female gametophytes
is normal, and embryo development is of the Capsella type (Bhargava,
1932; Maheshwari, 1929). The scanty endosperm, which is initially nu-
clear in its development, is used up in the development of the embryo,
leaving a substantial central column of whitish mealy perisperm (nucel-
lar tissue) as a reserve food for the embryo (Bhargava, 1932; Mahesh-
wari, 1929). The five-ribbed perianth of B. diffusa is supplied by one
cycle of five traces, while the ten-ribbed perianth of B. repanda receives
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ten traces derived as two pentamerous cycles from the pedicellar stele

(Joshi & Rao, 1934).

Betacyanin pigments have been demonstrated in five species of Bocr-
havia (B. coccinea, B. erecta, B. intermedia, B. scandens, B. spicata). as
well as in Anulocaulis gypsogenus and Cyphomeris gypsophiloides (Wohl-
part & Mabry, 1968). The reported presence of the alkaloid punarnavine
in B. diffusa L. has been proven incorrect (Sircar, 1944). Raphides of cal-

cium oxalate are extremely abundant in leaves, floral parts, and fruits of

Boerhavia. When immersed in water the accrescent perianth base of B.
erecta develops along the ribs extensive swellings of whitish slime, the

significance of which is not known (Heimerl, 1889).

Boerhavia is of no economic significance, but various species are used
locally in folk-medicine, as food, or as fodder. Roots of B. diffusa (syn.

B. repens) are eaten by natives in Australia and used as a purgative,

anthelmintic, or febrifuge in Malaysia. Leaves of B. diffusa are used as

a pot-herb or in soups, or a liquid extract of them may be used for

asthma and jaundice, or as a diuretic, emetic, or expectorant. Roots of

B. tuberosa Lam. are eaten by natives in Peru, and plants of B. pentandra
are grazed by livestock in South Africa (Cooke, 1910; Stemmerik, 1964;
Uphof, 1968).
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times short, stout, rigid and spine-like, terminating in a short, curved
spine; axillary buds sometimes modified as a short recurved thorn, with
accessory buds producing lateral growth from the axil. Leaves opposite
to subopposite [or alternate] , simple, entire, exstipulate, petiolate, glabrous
or pubescent, more or less coriaceous. Inflorescence terminal or lateral,

diffuse to congested, umbelliform to corymbosely thyrsiform pedunculate
cymes. Flowers small, imperfect [or perfect], subtended by 1-3 small,

subverticillate to verticillate bracteoles, sessile or pedicellate; perianth
more or less fleshy, purple or reddish to yellowish green or greenish white.
Staminate perianth ± obconic-campanulate, the limb 5 -dentate, with short
teeth, aestivation induplicate-valvate; stamens 6-10 [or up to 40], ex-
serted [or included], filaments filiform, unequal, basally connate [or free]

;

anthers oblong or didymous, basifixed or dorsifixed; pollen tricolpate [6-
or 12-rugate]

; reduced sterile ovary present. Carpellate perianth tubular,
narrowly campanulate to urceolate, the limb short, erect or spreading, 5

(-10) -toothed, persistent; staminodes about as long as the ovary, with
rudimentary anthers, or reduced in varying degree to a low, occasionally
glandular-dentate disc adnate to the stipe of the carpel; gynoecium a soli-

tary carpel; ovary superior, sessile or stipitate; style terete, elongate,
slightly exceeding the perianth; stigma penicillate [to capitate], per-
sistent; ovule solitary, basal, anacampylotropous ; integuments two, the
outer forming the micropyle. Accrescent calyx glabrous or pubescent,
fleshy to coriaceous, terete or angular, eglandular or glandular, the viscid
capitate glands subsessile to shortly stipitate, uniseriate to biseriate on (or
in costae along) the angles, the stalk of glands whitish to blackish, the
head usually blackish. Fruit an elongate, membranaceous or coriaceous
utricle enclosed within the persistent calyx. Seed with a deep longitudinal
furrow; seed coat translucent, adhering to the pericarp. Embryo straight,
the short radicle inferior; cotyledons broad, involute, surrounding the
scanty, gelatinous endosperm and abundant mealy perisperm. (Guapira
Aublet, Pallavia Veil, Torrubia Veil.) Type species: P. aculeata L.
(Named in commemoration of William Piso, 1611-1678, a Dutch physi-
cian and naturalist who travelled in Brazil.) — Pisonia, blolly.

A large and variable genus of perhaps 35-75 species distributed in the
tropics and subtropics of the World. The genus has its primary center
of development and distribution in the West Indies, Central America, and
South America, and a secondary center in the southwest Pacific, with
about eight species occurring in Malaysia (two of these extending to
Australia and New Zealand) and about five species endemic to Melanesia
and Polynesia. Three of the Malaysian species also reach Madagascar
and Africa (Stemmerik, 1964a). About six species of the genus have
been recognized in our area in coastal southeastern Florida and the
Florida Keys, and one of these (P. aculeata) also occurs in Texas
Two of our species belong to section Pisonia (sect. Glanduliferae of

Heimerl 1889, 1934), which is characterized by Stemmerik (1964b) as
having prickles [stipitate glands] on the anthocarp, no rostrum [elon-
gate sterile apex of the accrescent calyx]. Stamens 6-10." The pan-
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tropical Pisonia aculeata, cock-spur, devil's-claws, pull-and-hold-back, old-

hook, occurs on sea beaches, and in hammocks of southern penin-

sular Florida and the Keys as a thorny, densely branched scrambling
vine with greenish-yellow or purple (?) calyx, and small, slender longitu-

dinally 5-angled clavate fruits bearing a single row of low, blackish (in

herbarium specimens) stipitate glands along the length of each angle,

and 6-8 stamens in the staminate flowers. The species ranges from south-

ern Texas, Florida, and the West Indies southward to tropical South
America in the New World.

A single collection of a plant possibly referable to Pisonia aculeata var.

macranthocarpa Donn. Sm. {Pisonia macranthocarpa Donn. Sm.) collected

in 1881 by A. H. Curtis, is in the Arnold Arboretum herbarium. In a field

note attached to the sheet Curtis states "A Pisonic found in hammock
W. of Bay Biscayne. Except for the fr. I would have called it P. aculeata

— tall-climbing like the latter & just as prickly." The mature dried

fruits are 16-17 mm. long and 4-5 mm. wide and are more or less elliptic-

oblong, bearing along the length of the angles of the calyx base five rows

of stout uniseriate to biseiia'e whitish stipitate glands up to 1 mm. long,

with small blackish heads. Pisonia aculeata var. macranthocarpa is other-

wise known from Cuba and Central America to Venezuela.

Pisonia rotundata Griseb. (P. subcordata var. rotundata of Heimerl,

Torrubia rotundata (Griseb.) Sudw.) is a low spreading shrub or small

tree with broadly elliptic or ovate to obovate, pubescent, leathery leaves,

with the veins strongly raised on the lower surface, dense cymes of

greenish to whitish flowers, and small broadly to narrowly obovoid fruits

about 5-7 mm. long bearing 5 rows of uniseriate stipitate glands along

the angles of the distal third (or half) of the accessory fruit. The species

is known from the Florida Keys, the Bahamas, Puerto Rico, Cuba, and

the Isle of Pines.

The remaining species of our area differ from those of sect. Pisonia

in having eglandular, fleshy, reddish [to black], drupe-like calyx bases.

These were placed by Heimerl (1889, 1934) in his sect. Eupisonia, but

were transferred to Torrubia Veil, by Britton (1904), and later to Guapira

Aublet (Little 1968; Lundell, 1968). Stemmerik (1964b) did not con-

sider this group of species, and a formal category (section) apparently

does not now exist for them within the genus Pisonia. Two taxa from

our area, originally cescribed as species of Torrubia (T. Bracei Britton,

T. globosa Small), and recently transferred to Guapira, have never ap-

peared under the name Pisonia. They are poorly represented in our col-

lections, and their systematic position remains problematical. They are

cited here as species of Guapira.

The well known Pisonia discdor Sprengel var. longijolia Heimerl (P.

longifolia (Heimerl) Sargent, Torrubia longijolia (Heimerl) Britton, Gua-

pira longijolia (Heimerl) Little), commonly called the beef-tree, beef-

wood, pork-wood, pigeon-wood, or long-leaf blolly, is a tree 5-15 m.

in height, with obovate-oblong leaves broadest above the middle, greenish-

yellow imperfect (or perfect?) flowers that appear in autumn, and pink
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to red or magenta obovoid fruits that are rounded to slightly depressed at
the apex, and become obviously ribbed on drying. The variety is found
in Florida in dune-scrub, along the shores of salt-water lagoons, and in
pinelands and woods from Cape Canaveral to the southern Keys, where

jitapira longifolia): a.~- <"e lowers, X 8; b, staminate flower in vertical section X 12 c stamenX 15; d. carpellate inflorescence, X 2; e, carpellate flowers, X 12; f, carpellate
flower in vertical section -note staminodia and penicillate stigma, X 20; g, in-
fructescence, accrescent calyx bases berry-like and plal,r..,H • 1 I, m:,u.re
accessory fruit in vertical section to show single seed — note parts of two un-
equal cotyledons on each side, surrounding perisperm (stippled), X 6; i, same.
in cross section, embryo cut through cotyledons and hypocotyl, perisperm stip-
pled—note longitudinal groove formed by intrusion of seed coat, X 6-
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the largest specimens were reported (Sargent, 1905) to occur on Elliot's

Key and Old Rhodes Key. It is also common in the West Indies and

ranges southward to Brazil. The typical P. discolor var. discolor, with

leaves ovate to lance-ovate, broadest at or below the middle, is less well

represented in our area, occuring in hammocks and thickets principally

along the east coast of southern Florida. Guapira globosa (Small) Little

(Torrubia globosa Small), the roundleaf blolly, is a small tree with small

orbicular-cuneate to suborbicular leaves 1-2 cm. long, greenish-purple

flowers, and subglobose juicy dark-red fruits. It is reported in hammocks

of southeastern coastal Florida and the Keys. Guapira Bracei (Britton)

Little (Torrubia Bracei Britton) is a gray-barked shrub or small tree with

obovate leaves that are broadest above the middle and cuneately nar-

rowed at the base, purplish flowers, and red, oblong-obovoid, apically

truncate fruits about twice as long (7-8 mm.) as broad. The species was

described from the Bahamas and is reported to occur in hammocks and

adjacent pinelands on the lower eastern coast of peninsular Florida and

in the Keys. Pisonia fioridana Britton in Small {Torrubia floridana (Brit-

ton) Britton, Guapira floridana (Britton) Lundell) was described from

incomplete material collected only once over a century ago on Rock Key

near Key West. Its spatulate to obovate leaves are 2-3.5 cm. long and

are supposedly distinctive in their dense puberulence.

In the late nineteenth century many specimens of this group of species

from our area were incorrectly referred to Pisonia obtusata Swartz (Chap-

man, 1860, 1897; Heimerl, 1896; Sargent. 1894, Small, 1903). Britton

(1904), however, established P. obtusata Sw. as a synonym of the West

Indian and South American P. inermis Jacq. {Torrubia inermis (Jacq.)

Britton) and assigned the Floridian specimens to his Torrubia longijolia

(Heimerl) Britton. Heimerl (1896) recognized some specimens of our

area only as varieties of West Indian species (P. discolor Sprengel var.

longijolia Heimerl, P. subcordata Sw. var. rotundata (Griseb.) Heimerl).

More recently the material of Pisonia from our area has been studied

by R. W. Long (Long & Lakela, 1971), who considers the various and

intergrading eglandular forms in Florida to represent only phases of the

West Indian P. discolor Sprengel. He recognizes two varieties in our

area: var. discolor, with ovate, oval or lance-ovate leaf blades broadest

at or about the middle, and P. discolor var. longijolia Heimerl (incl. T.

Bracei Britton, G. Bracei (Britton) Little, T. globosa Small, G. globosa

(Small) Little, T. longijolia (Heimerl) Britton) with leaf blades obovate

or oblanceolate to narrowly spatulate, broadest above the middle.

Very few herbarium specimens bear field notes of any kind regarding

plant size, habit, bark or wood form and color, flower color or odor, pol-

linators, fruit dispersal, etc. There are apparently no chromosome counts

for the species of our area and possibly none for the genus. A modern

monographic study of this genus, defining generic as well as specific

boundaries, is badly needed.

The floral ontogeny and embryology of Pisonia aculeata have been

briefly described by Venkateswarlu. He found floral organogeny to be
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acropetal in sequence. Embryological details include the presence of a

secretory tapetum in the anthers; tricolpate pollen grains that are tri-

nucleate when shed; the formation of an obturator-like structure in the

ovary; formation of a nucellar cap; Polygonum-type embryo-sac develop-

ment; nuclear endosperm; and an Asterad type of embryogeny. The woods
of the genus are notable chiefly for their anomalous secondary growth in

the form of successive rings of vascular bundles (Metcalfe & Chalk).

In the Pacific region the sticky-viscid fruits of Pisonia grandis R. Br.

and P. umbellifera (Forster) Seem, are noted for catching insects, small

lizards, and birds. Fruits or inflorescences of these species are hung as

fly-catchers. Birds disseminate the sticky fruits, but excessive accumula-
tion of fruits on the bodies of small birds may render them incapable of

flight and cause their eventual death (St. John, Stemmerik, White, Gov-
ett, Kirk). Airy Shaw speculates that the unusual distribution of P.

grandis, which is largely confined to small, often uninhabited "bird is-

lands," may be partly linked to a need for a supply of bird-guano in as-

sociation with a coral or limestone substrate for its germination and early

development.

The generic limits of Pisonia are not clear. The genus has been con-

sidered on a world-wide basis only by Heimerl. His concept of the

over-all limits of the genus changed over the years, as evidenced by his

later recognition or acceptance of segregate genera, but he consistently

maintained a broader view of Pisonia proper than most regional workers
by retaining both glandular- and eglandular-fruited species within the

genus. In his earlier papers (1889, 1897) he reduced several genera of

previous authors either to sectional rank or to synonymy and recognized
six sections in the genus. He revised the species of the two sections oc-

curing in our area in 1896. Britton (1904) disagreed with Heimerl's
concept of the genus, and segregated as the genus Torrubia the Floridian

and West Indian species with unarmed stems and eglandular, red drupe-
like calyx bases while maintaining in Pisonia the armed, glanduliferous,

and coriaceous-fruited species typified by P. aculeata. The segregation of

Torrubia was accepted by Standley (1911), and later by Small (1933),
who had earlier (1903) recognized only Pisonia in the southeastern
United States. Standley (1911) also elevated Heimerl's sect. Pisoniella
to generic rank, and later (1918) re-established sect. Cephalotomandra
at the generic level. In 1934, Heimerl recognized only two sections in
Pisonia (Glanduliferae and Eupisonieae), which he considered to
differ only in the presence or absence of glands on the calyx tube. The
other four sections of his earlier treatments were established as segregate
genera, including Pisoniella (Heimerl) Standi., Calpidia du Petit Thouars
{Pisonia sects. Timeroya and Prismatocarpae of Heimerl, 1889), Rockia
Heimerl (Pisonia sandwicensis Hillebr.), and Cephalotomandra Karsten
& Triana (Pisonia sect. Cephalotomandra of Heimerl, 1889).
Wroodson & Schery (1961) revived the earlier name Guapira, which had

been established as a synonym of Pisonia by Hallier (1918), to replace
Torrubia as the generic name for the fleshy-fruited eglandular species.
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The name Torrubia was then proposed for conservation over Guapira

(Little, 1964) but was rejected (McVaugh, 1968). Consequently a large

number of new combinations have been made in Guapira (Lundell, 1968;

Little, 1968).

Stemmerik (1964a, b) revised the Old World species of Pisonia, but

did not consider the New World species. He again reduced the segregate

genera Calpidia, Heimerliodendron Skottsb. {Heimerlia Skottsb.), and

Rockia to synonymy under Pisonia, and tentatively proposed for the

Pacific species four sections based on the presence or absence of stipitate

glands and of a rostrum on the calyx tube, and on the number of stamens

in the flowers, but stated that, except for historical precedent, he prob-

ably would not have proposed such subdivisions.

Meissner (1841) established a tribe Pisonieae, including the genera

Neea Ruiz & Pavon, Pisonia, Reichenbachia Sprengel, and Salpianthus

Humb. & Bonpl. Choisy, in DeCandolle's Prodromus, placed Pisonia in

his suborder (subfamily) Boerhavieae, and separated the known species

into two groups, those with stems armed (incl. P. acideata L.) and those

with stems unarmed. The species of the latter group were then divided

on a geographical basis. Bentham & Hooker (1883) recognized a tribe

Pisonieae in which they included Pisonia, Thneroya Montrousier and

Cephalotomandra Karsten & Triana (both subsequently reduced by

Heimerl to sections under Pisonia), and the closely related Neea Ruiz

& Pavon (which had been included in Pisonia by Baillon, 1872). The

tribe has been maintained in subsequent major treatments of the family

(Heimerl, 1889, 1896, 1897, 1934; Eckardt, 1964).

Berry described fossil material of Pisonia (P. apalachicolensis Berry),

probably dating from the end of the Oligocene, from the Alum Bluff For-

mation in Liberty County, Florida, stating that about fifteen fossil

species of the genus have been described, the earliest being from the

Upper Cretaceous of both America and Europe.

The genus is of little economic significance. Branches of P. aculeata

are reported to be used as barrel hoops in Jamaica, and a decoction of its

leaves is used against rheumatic and venereal disease in Jamaica and

Yucatan. A decoction of the fruits of P. capitata (S. Watson) Standley

is used against fevers by certain Indians in Mexico. The wood of Pisonia

Zapallo Griseb.. of Argentina, is strong enough to be used in box-making

and for general building construction. The light-yellowish, chlorotic

leaves of a cultivated race of P. grandis are boiled and eaten as a pot-

herb in Malaysia, where the trees are known as "Mollucan cabbage," "cab-

bage-tree," or "lettuce-tree" (Airy Shaw, Stemmerik, Uphof). The leaves

of P umbellijera (P. Brunoniana) Endl. are used as a diuretic and the

roots as a purgative in the Pacific Islands (Uphof).

Hegnauer; Heimerl 1889, 1897,
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MARTICORENIA: A NEW GENUS OF MUTISIEAE (COMPOSITAE)

Jorge Victor Crisci

In the course of a revisionary study of the genus Leuceria Lagasca
(Compositae, tribe Mutisieae, subtribe Nassauviinae) , Leuceria foliosa, a

species described by the Chilean botanist R. Philippi in 1856, seemed to

be out of place. The species grows in the Andean region of central Chile.

A careful study of this species and of all the genera of this subtribe con-
vinces me that Leuceria foliosa should be recognized as a new genus.
A description of the new genus and its one species, with illustrations,

pollen analysis, chromosome number, and discussion of the generic relation-

ships of the new taxon is presented in this paper. The abbreviations for

herbaria listed in the citations of specimens are taken from the fifth

edition of the Index Herbariorum (Lanjouw & Stafleu, 1964).

MATERIAL AND METHODS
Some pollen grains were acetolysed according to the method outlined

by Erdtman (1960); other pollen grains were placed in 95 per cent
ethanol stained with basic fuchsin and mounted in glycerine jelly. For
Scanning Electron Microscopy (SEM) the acetolysed pollen grains were
used. After acetolysis the pollen samples were washed several times in

glass-distilled water to remove traces of acids. Each sample was dispersed
in a drop of distilled water and placed on a specimen holder. The samples
were then air dried, coated with 50 A to 100 A carbon and about 200
A to 300 A gold-palladium alloy for conductivity. Finally the specimens
were photographed using a high resolution SEM, AMR model 900. Fig-
ures 1-4.

To obtain the chromosome number, flower buds were collected from
plants growing in their native habitat. Buds were killed and fixed in
ethanol and glacial acetic acid (3:1), transferred to 70 per cent ethanol
after 24 hours, and refrigerated. Anthers were squashed in aceto-carmine.

Marticorenia Crisci, gen. nov. Capitulum multiflorum, homogamum; flores

hermaphroditi. Involucrum hemisphaericum ; bracteae lineari-lanceolatae,
biseriatae. Receptaculum vix concavum, paleaceum; paleae rigentes vix
amplexiflorae. Flores albo-violacei , bilabiati, labio interiore bipartito lobis
revolutis, labio exteriore latiore ligulato tridentato. Antherae glabrae,
basi longe sagittatae. Stylus bifidus; rami semiteretes, apice truncati penicil-
latisque, divergentes non revoluti. Achaenia cylindrata, papilloso-puberula.
Pappus uniseriatus, pilis plumosis albis. Frutex dense pilosus; foliis alter-
nis, sessilibus, ovatis lobatisque, basi cordatis et semiamplexicaulibus.
Capitula pedunculata laxe cymosa. Pedicellus unibracteatus. Species
typica: Marticorenia foliosa (Philippi) Crisci.
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Shrubs more or less flabelliform in aspect, with short caudex woody at

the base. Roots stout, woody with dissected vascular bundles. Stems

branched from the base. Leaves alternate, sessile, decurrent, ovate-elliptic,

lobulate, becoming linear-lanceolate above. Inflorescence a much branched

terminal cyme. Pedicels each with a linear-lanceolate accessory bract,

acute at apex. Heads numerous, terminal. Head with several flowers;

flowers all equal, hermaphroditic, fertile. Involucre hemispherical, com-

posed of bracts in two series, linear-lanceolate, acute at the apex, pubescent

on the abaxial surface. Receptacle slightly concave, paleaceous; paleae

scarious, conduplicate around the flowers, lanceolate, the abaxial surface

densely pubescent, the apex incised. Corolla white-violaceous, bilabiate,

tube broader toward the apex; outer lip lanceolate, liguliform with four

veins, the apex three-toothed; inner lip bifid, each lobe revolute, acute at

apex. Stamens five, the filaments inserted at a point halfway from the

base of the tube; anthers connate with oblong apical appendage tailed at

base, partially exserted in the mature flowers. Style bifid, its branches

flattened, truncate with a crown of elongate collecting hairs at the apex

and papillose with shorter ones on the adaxial surface, glabrous on the

abaxial surface. Achenes more or less cylindric with long double trichomes.

Pappus of numerous white plumose hairs in one series.

Pubescence of three kinds of trichomes, e.g., (1) glandular uniseriafe

(60-150/im), four—nine-celled (borne on leaves, stem, paleae, receptacle,

involucre, corolla, and sparsely on the achenes); (2) non-glandular uni-

seriate, few-celled (on the corolla); (3) double hairs or "Zwillingshaare"

(Hess, 1938) (200-250/xm) of two cells joined along their inner wall but
not quite meeting at the apex (on the achenes). One species.

It is a pleasure to name this new genus Marticorenia for Professor

Clodomiro Marticorena of the Instituto Central de Biologia, Universidad
de Concepcion, Concepcion, Chile, who has made important contributions

to our knowledge of the Chilean flora and to the study of paWnology in

Chile.

Marticorenia foliosa (Philippi) Crisci, comb. nov. Figure 5a-g.

1891.

Shrubs 40-50 cm. tall. Stems erect, much branched from the base,

hirsute. Leaves sessile, ovate-elliptic, lobulate, sparsely pubescent be-

neath and densely so above, semiamplexicaul, the lower 5-10 cm. long,

3-5 cm. wide; lobules 1 cm. long, 1 cm. wide at the base; upper leaves

linear-lanceolate 2 cm. long, 0.7 cm. wide. Inflorescence a dichotomous
cyme; heads numerous (2~2i)

;
pedicels with a linear-lanceolate accessory

bract acute at apex, abaxial surface pubescent, adaxial surface glabrate,

11-12 mm. long, 2 mm. wide; involucre hemispherical, 1.5-2 cm. in

diameter, formed by 2 rows of bracts 2 cm. high; involucral bracts linear-

lanceolate, acute at apex, abaxial surface pubescent, the adaxial glabrous,
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Figure 5. Marticorenia. a-g, M. joliosa (from Zollner 2994): a

lant, X 1/4; b, flower with paleae, X 4; c, paleae, X 6 1/4; d,

,
achene and pappus. > 4; f. style. : 13; g, trichome from stem. )
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8-15 mm. long, 1.5—2 mm. wide; receptacle slightly concave, paleaceous,
slightly pubescent; paleae broadly obovate incised at apex, scarious,

slightly conduplicate around flowers (amplexiflorous), adaxial surface
glabrous, abaxial surface densely pubescent, 7 mm. long, 2 mm. wide.
Flowers about 33; corolla white-violaceous 13-15 mm. long; tube 5-8
mm. long, 1 mm. in diameter at the base and 1.5 mm. at apex; outer lip

with 4 veins, three-toothed at apex, abaxial surface and margins sparsely
pubescent, 8-9 mm. long, 2.5 mm. wide; inner lip bifid, abaxial surface
sparsely pubescent, 5-6 mm. long, each lobe 0.5 mm. wide; anthers tailed,

glabrous, 6-8 mm. long; style bifid with branches 2 mm. long. Achenes
2-4 mm. long, 0.5-1 mm. wide, cylindric, with long hairs; pappus of 18-20
white plumose hairs, 10 mm. long, in one series.

Pollen. Grains zonocolporate (3), subprolate to prolate-spheroidal,
34-45Mm. Colpi 20-41 X 2-3. 5/tm, extremes rounded; apocolpium 2-3.5/xm
in diameter, mesocolpium 15-17/tm; membrane of the colpi rather smooth
as seen with optical light microscope. Exine 4-5/rni thick at the pole, 5-6Mm
at the equator. Infratectum l-1.5/*m thick at the pole and 2-2.5/mi at the
equator. Nexine 1-1.5/xm thick at the pole and 1.5-2/un at the equator.
Tectum and infratectum separated from each other bv a thick layer parallel
to the nexine.

Chromosome number: n = 22 (Chile, Provincia de Aconcagua, Main-
tencillo sobre Rio Blanco, 2750 m, 6 May 1973, O. Zollner 6460, gh).
Neotype: Chile, Provincia de Santiago, Las Aranas (Cajon del

Mapocho), Jan. 1862, Philippi 1132 (lp).

Distribution: Andean region of central Chile above timberline be-
tween 32°S and 35°S and 70°W and 71°W, from 2700 to 3300 meters
altitude. Flowering from January to May.

Chile. Provincia Aconcagua, Valle de Aliste al Norte
3 Mar. 1970, O. Zollner 3899 (lp)

; Valle Castro cerca
ae kio bianco, 3000 m., 21 Feb. 1968, O. Zollner 2994 (lp)

; Tres Lagunas,
2800 m 10 Apr. 1971, O. Zollner 4963 (lp) ; Rio Blanco, 2750 m., 2 Apr 1971,
O. Zollner 4756 (lp); Maintecillo sobre Rio Blanco, 2750 m., 6 May 1973,
O. Zollner 6460 (gh)

;
between Laguna del Inca and transandine 'railroad tracks'

2840 m., 5 Feb. 1936, James West 5250 (gh)
; Provincia Santiago, Cordillera

Las Aranas, Jan. 1861, Landbeck s.n. (sco) ; Cordillera de Santiago, Feb. 1857,
s coll. and s.n. (sgo)

;
Tal los Castanos (Olivares^Colorado-Maipo-Tal) Cordil-

lera de Santiago, 3300 m., 3 Feb. 1939, C. Grandjot 3803 (gh, si); near Laguna
Negra, 10,000 feet, 6 Feb. 1902, G. T. Hastings 615 (us).

Professor Carlos Munoz Pizarro (1960), who published a book about
Ph lippis type specimens, was unable to find the type of Leuceria foliosa.
My own search, which included the herbarium of the Museo de Historia
^atural de Santiago, Chile, in which are housed the main collections of
Philippi, was also negative. The material cited originally and its duplicate
are believed to be lost or destroyed. It was, therefore, necessary to choose
a neotype; the specimen chosen was collected and identified by Philippi
and comes from the area of the type locality.

i Rio Blanco,
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The combination Lasiorrhiza joliosa was made by Kuntze because he
considered Lasiorrhiza tin- appropriate generic name to adopt for Leuceria.

However, the two genera, published at the same time by the same author

had been combined previously by Bentham and Hooker where Leuceria

was adopted with Lasiorrhiza in its synonymy.

RELATIONSHIPS OF 1UK NEW GENUS

is a member of the tribe Mutisieae, subtribe Nassauviinae.

which has characteristic bilabiate corollas with the outer lip three-toothed

and the inner lip bifid; anthers long tailed at the base; and style bifid

with branches truncate at the apex.

Philippi described Marticorcnia joliosa as a species of Leuceria. How-
ever, Marticorcnia is very different from the other species of Leuceria as

is shown in Table 1.

Table 1

Leuceria Marticorenia

Herbs, perennial or annual. Shrubs.

Leaves variable in shape but never

ovate-lobulate, basal leaves

always petiolate.

Leaves all ovate-lobulate.

Receptacle glabrous, without paleae

or with only a few paleae in the

flowers of the margin.

Receptacle pubescent, with

paleae in all flowers.

Corolla glabrous. Corolla pubescent.

Pollen: exine with tectum and
infratectum of the same thick-

ness and separated from each

other by a thin layer not

parallel to the nexine (zigzag).

Marticorcnia can be easily distinguished from most of the other genera

of the subtribe Nassauviinae by the presence of paleae in all of the flowers

of the head. This character is shared with Jungia Linnaeus f. and Pleo-

carphus D. Don, genera that also have other characters in common with

Marticorenia.

With Pleocarphus, Marticorenia shares the following characters: shrubby

perennial habit; entire leaves; cymose inflorescence; pedicellate heads;

hemispherical involucres with 2 rows of bracts; pubescent receptacle;

pubescent flowers; glabrous anthers; pollen: exine stratification and

grain without polar elevations; and style truncate at apex. The distribu-

tion of both genera is in the Andean region of central Chile.
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With Jungia, Marticorenia shares these characters: entire leaves; cymose
inflorescence; pedicellate heads; pubescent receptacle; uniseriate pappus;
involucre with 2 rows of bracts; pubescent flowers; glabrous anthers; pol-

len: exine stratification, grain subprolate to prolate spheroidal without
polar elevations; style truncate at apex.

However, Marticorenia is easily distinguished from both Plcocarphus
and Jungia by the following characters:

Pleocarphus has tomentose pubescence ; linear, petiolate, stipulate leaves
with revolute margins; yellow flowers; linear (five times longer than wide),
beaked, and sparsely pubescent achenes ; hispidulous pappus in more than
one series; prolate to subprolate pollen grains, membrane of the colpi with
sexine process.

Jungia, a genus composed of shrubs or vines (rarely herbs), has tomen-
tose pubescence; leaves cordate at base, petiolate and stipulate; campanu-
late. c vlindric or turbinate involucre; beaked linear achene (five times
longer than wide), glabrous or sparsely pubescent; pollen grain with
membrane of the colpi with sexin^ process. The distribution of Jungia is

in Central America (only one species) and the subtropical areas of South
America.

Summarizing, we can establish that Marticorenia is easily distinguished
from most of the genera of th. subtribe Nassauviinae by the presence of
paleae in all of the flowers of the head but it shares that character with
Jungia and Pleocarphus from which it may be distinguished by the charac-
ters noted in the following key:

A. Lower leaves with sparsely tomentose pubescence, petiolate, stipulate.
B. Flowers yellow, pappus in more than one series; leaves linear,

margin entire, revolute Pleocarphus.
BB. Flowers white, pink-violet (rarely yellow), pappus in one series;

leaves orbicular, cordate or widely lanceolate, margin tabulate.

AA . ,
Jungia.

AA. Lower leaves lacking tomentose pubescence, sessile, exstipulate.

Marticorenia.
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BIGELOW'S "AMERICAN MEDICAL BOTANY"

GiJNTHER BUCHHEIM

American medical botany by Jacob Bigelow (1787-1879) is a three-

volume work in which 60 species of American medicinal plants are de-

scribed and illustrated. Its publication dates are usually given as "1817-

1820." These are the inclusive title-page dates of the volumes: vol. 1 is

dated 1817, vol. 2: 1818, vol. 3: 1820. However, this work was originally

published in six parts, and not in volumes: two parts forming each vol-

ume. With the exception of volume 1 part 1, the other five parts are

provided with part titles, each being an integral part of the first gathering

of each part. These part titles are in the form of a half title and are un-

dated, thus they are of no value in elucidating the dates of publication.

The copy of this work in the Duke University, Medical Center Library,

Trent Collection, at Durham, North Carolina (NcD-MC) was loaned

to the Hunt Botanical Library for this study through the kindness of

Dr. G. S. T. Cavanagh, librarian. This copy is distinctive in that the

six parts are preserved in their original green boards, and with the paper
untrimmed; features that proved to be of high bibliographical impor-
tance, especially for determination of dates, collation, and paper size.

The outside front covers give the title as

AMERICAN
|

MEDICAL BOTANY
|

WITH
|

COLOURED ENGRAVINGS.
|

BY JACOB BIGELOW, M.D.
[
Member of the American Academy of Arts

and Sciences; of the American Philosophical
|

Society, &c. Rumford Professor
and Lecturer on Materia Medica and

|
Botany in Harvard University.

After the volume and part number, there follows enumeration of the

plants described in each part (10 species), together with the plate num-
bers. The place of publication, and name of publisher and printer, is the

same as on the title-pages. Significantly, the dates imprinted on each
cover differ from those on the title-pages. Although Graesse, Tresor de
livres rares et precieux 1: 424. 1950 [reprint], Jackson, Guide to the lit-

erature of botany p. 360. 1881, and Savage (Comp.), Catalogue of the

printed books and pamphlets in the library of the Linnean Society of Lon-
don ed. 2, p. 67. 1925, list the correct inclusive dates (1817-1821), no
reference is known which gives the correct publication dates of all the parts.

The dates recorded on the front boards are: Vol. I. Part I: 1817; Vol.

I. Part II: 1818; Vol. II. Part I: 1819; Vol. II. Part II: 1819; Vol.
III. Part I: 1820; Vol. III. Part II: 1821. In conclusion, volume 1 was
published in 1817-1818 (title-page dated 1817), volume 2 in 1819 (title-

page dated 1818), and volume 3 in 1820-21 (title-page dated 1820).
Additionally, a printed text is on the outside back covers of the parts

belonging to volumes 1 and 2. That on volume 1, part 1 is an announce-
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ment by the publisher that part 2 of the same volume will shortly be
published, followed by an advertisement of books, none of them botani-
cal. Volume 1, part 2 represents a prospectus of the present work. It is

dated May 1818 and states that "Two half volumes are already pub-
lished." Volume 2, part 1 bears advertisements of books either pub-
lished by Cummings and Hilliard, or which are in the press. The first

item mentioned is AMERICAN MEDICAL BOTANY, Nos. 1, 2, & 3.

That for Volume 2, part 2, reports an error on the front cover of Volume
2, part 1, where the plate numbers are reported as "I, II" etc. instead of

"XXI, XXII" etc. It reports further that a work titled Outlines of

Botany ... by John Locke is in press [this work was published in 1819]
and lists additional nonbotanical titles.

Using these data, and considering the contents and bibliographical

characteristics of both the NcD-MC and HBL copies, the following for-

mal treatment has been prepared:

American medical botany. 3 vols. Boston. 1817-1820 [1817-1821].

AMERICAN
|

MEDICAL BOTANY,
|

BEING -A COLLECTION
|
OF THE

|

NATIVE MEDICINAL PLANTS OF THE
|

UNITED STATES,
|
CON-

TAINING THEIR
|
BOTANICAL HISTORY AND CHEMICAL ANALYSIS,

|
AND PROPERTIES AND USES

|

IN
|

MEDICINE, DIET AND THE
ARTS,

|

WITH
|

COLOURED ENGRAVINGS.
|

[very short thick-thin

double rule]
|

BY JACOB BIGELOW, M.D.
|

RUMFORD PROFESSOR
AND LECTURER ON MATERIA MEDICA AND BOTANY

|

IN HAR-
VARD UNIVERSITY.

|

[very short thin-thick double rule ] |

VOL. I.
|

[5

dots in line]
|

BOSTON:
|

PUBLISHED BY CUMMINGS AND HILLIARD.
AT THE

|

BOSTON BOOKSTORE, NO. 1, CORNHILL.
!

****
[
UNI-

VERSITY PRESS .... HILLIARD AND METCALF.
|

1817.

[Vol. II] : ...
|

VOL. II.
|

...
|
BOSTON BOOKSTORE, NO. 1 CORN-

HILL
|
...

|
1818.

[Vol. Ill]: ...
j

MEDICINE, DIET, AND THE ARTS,
|
WITH

|

COLOURED ENGRAVINGS,
|

[short double rule]
|

BY JACOB BIGELOW,
M.D.

|
RUMFORD PROFESSOR, AND PROFESSOR OF MATERIA MEDI-

CA IN HARVARD UNIVERSITY.
|

[short double rule]
|

VOL. III.
|

[short

thick-thin double rule]
|

BOSTON:
|

PUBLISHED BY CUMMINGS AND
HILLIARD, AT THE BOSTON

|

BOOKSTORE. NO. 1 CORNHILL.
|

[very

short double rule]
|
UNIV. PRESS .... HILLIARD AND METCALF.

|

1820.

Collation: 8° in 4's: Vol. 1: l
l

2
2 3-14* (—140 IS1 16-25 4

; i-v vi-xi xii 17 18-32 33

34-38 39 40-51 52 53-59 60 61-65 66 67-74 75 76-83 84 85-89 90 91-95 96 97-110

162-168 169 170-176 177 178-186 187 188-191 192 193-197 198.

Vol. 2: 1* 2-13 1 14' 15-25 1
; i-v vi-vii viii-ix x-xiii xiv (in NcD-MC copy as "xvi")

15 16-26 27 28-33 34 35-40 41 42-50 51 52-58 59 60-66 67 68-72 73 74-81 82 83-96

97 98-104 105-107 108-114 115 116-120 121 122-136 137 138-141 142 143-147 148

149-153 154 155-159 160 161-165 166 167-170 171 172-187 188 189-199 200.

Vol. 3: 1' 2-12 4
13

2 (—13.) 14" 15-25* 26
2

; i-v vi-x 11 12-18 19 20-31 32 M-42 43
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Notes: The continuous sequence of roman and arabic page numbers is worth

being mentioned. The gap in pagination in volume 1 (pp. xiii-xvi are lacking)

proves that the preliminaries were printed later than the text proper and that

the original estimate of 16 preliminary pages was not realistic.

Leaves 144 of vol. 1 and 132 of volume 3, both blank, are present in the NcD-
MC copy. The pagination, however, indicates that these blank leaves were in-

tended to be cut out, as was done in the HBL copy.

l the NcD-MC copy results in

This work is considered Bigelow's most important contribution to medical

botany. It is outstanding for the mixed intaglio processes used for the prep-

aration of the copper plates, being a combination of engraving and aquatint

and sometimes stipple engraving. Of the 60 species figured, four are illustrated

here for the first time (Gentiana catesbaei Walt., Solidago odora Ait., Statice

A'alt Limonium carolb mum (Walt.) Britton] and Polygala

rubella Willd. [= P. polygatna Walt.]).

Iunt Institute For Botanical Docuj
Carnegie-Mellon University
Pittsburgh, Pennsylvania 15213
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THE GROWTH OF DRACAENA DRACO — DRAGONS BLOOD TREE

D. E. Symon

The Dragon's Blood Tree is a striking member of the Liliaceae (or

Agavaceae). The species is native to the Cape Verde and Canary Islands

and an account of it in its natural habitat is given by Bystrom (1960).

Considerable age has been attributed to several venerable specimens in

the Canary Islands. The monstrous tree at Orotava, Teneriffe Island, was

described by Humboldt (1850). When he examined the tree in 1799

the circumference close to the ground was 24 m. (78 ft.); several feet

above ground it was 15 m. (48 ft.); and at 3 m. (10 ft.) above ground

it was 3.6 m. (12 ft.); the tree was 21 m. (69 ft.) high.

The earliest record of this tree appears to have been made in 1402

when it was already very large and hollow. Bystrom, I.e. p. 181, suggests

that it could be 600 to 700 years old. It was severely damaged by storm

in 1819 and finally destroyed in 1868. Another massive specimen survives

at Icod also on Teneriffe, but I do not have any actual measurements.

Calculations of its size from a photograph suggest that it is about 10 m.

(33 ft.) high, has a spread of 12 m. (36 ft.), branching starts quite low

down. Bystrom suggests an age of 200 years, but this is probably an

underestimate when compared with the 100 year old tree recorded below.

The figures cited highlight the massive tapered bases common to some

allied members of the arborescent monocotyledons, e.g. Beaucarnea, some

Aloe, and to a lesser extent Cordyline, which no doubt contribute to the

attribution of great age to them but particularly to Dracaena draco.

Wright (1901) at Peradeniya, Ceylon, records the size of a specimen

of D. reflexa Lam. which at 54 years old was 10 m. high, 9 m. wide, and

whose trunk, which branched low down, was irregular in shape but nearly

1 m. in diameter. This species is bushier and much more finely branched

than the massive Dracaena draco, but it obviously reached considerable

size quite quickly.

Bystrom {I.e. p. 202), records details of a few plants of D. draco of

known age on Brava Island, Cape Verde Islands. One planted in 1880

was 11 m. high in 1959 and had a trunk 1 m. in diameter; four others

planted about 1902 were 7 m. high and had trunks 60 cm. in diameter.

He also suggests that branching occurs after 10 to 25 years.

Possibly two forms of the species can be identified in Australia. The

first has a more erect branching habit with relatively massive trunks

and longer leaves. This may have originated from the Canary Islands,

as it agrees fairly well with Bystrom's account and a plant grown from

seed collected from a cultivated plant at Las Palmas is of this form. The

second has a more spreading canopy, very umbrella-like, lower and more

slender branches and shorter leaves, and corresponds best with the plants
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described in the Cape Verde Islands. In Adelaide, South Australia, it

is the more common form in cultivation.

The species grows well in the warmer temperate areas of the world
and has been planted in many gardens in Adelaide. The climate is of the

Atlantic Mediterranean type with a cool wet winter and a drier, warm
to hot summer. In this locality frosts are rare, but light frosts of short

Two specimens of Dracaena draco were planted in the .Vaite Arbore-
tum in 1929. The plants came from Bowels Nursery, and there is no
record of their origin or whether they were seedlings or cuttings. How-
ever, it was the practice to establish the trees in 9 liter tins for a year
or so before planting, and one can safely assume that the plants were
several years old and possibly up to 1 m. high when planted. They are

of the stout-limbed Canary Island form. After planting, the trees were wa-
tered in the summer until well established but later were dependent on
natural rainfall.

For the two older trees in the Waite Arboretum no records of the first

flowering or first branching are available, but both trees flower in sum-
mer in December and January and ripen fruit in spring over a long period
from August to October. Rarely would more than half a dozen branches
flower in one season, and as Bystrom indicates, there may be flowers and
both green and ripe fruits on the tree at the same time.

The branching of Dracaena is sympodial (see Tomlinson & Zimmermann
(1969) for an account of this and for a summary of earlier literature).

The inflorescence is terminal and after it has matured it is pushed aside
as one or m0re axillary buds develop in the axils of the leaves immediately
below the inflorescence. This new shoot replaces the parental axis. Oc-
casionally two buds develop to produce a pseudo-dichotomous division.
"Each axis is, therefore, a sympodium consisting of many successive
growth unit-. The sympodium appears articulate both from the scars
of the dried inflorescence stalks and from a swelling which marks each
joint" (Zimmermann & Tomlinson, 1969). These slightly swollen units
marked by constrictions are the "generations of branches" referred to by
Bystrom and are better described as "orders of branching." In the
young plants referred to in Table B, no branching occurred until after
the first flowering when six and three buds, respectively, developed below
the inflorescence. No detailed records are available for the older plants,
but it is thought that each of the sympodial units was probably initiated
after an inflorescence had matured.

Figure 1 shows tree No. 467 in 1944, 15 years after planting; Figure
2 shows the same tree in 1968, 39 years after planting, and FiGtiffi 3, taken
in 1968, shows the nature of the stems and branching. The dimensions of
these two trees are given in Table A (refer to page 53).
The trees each have 4 orders of branches, but division of the a: is does

not always occur after each constriction in the stem. Nor do they re-
flect synchronous flowering; in fact only a small number of the leaf
tufts produce an inflcrescence in any one year. However, the trees are
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planted in 1929 I

Table A. Growth of tvvo specimens of Dracaena dr;aco plant.:d in 1929.

1934 1958 1968 1973

No. 363, height in m.,

No. 467, height in m., 2.6 5.4

— 53

52

6.0

5.5

6.0

70

now 45 years old and this gives an order of branching about every 10 to 11

years on each axis which agrees reasonably with Bystrom's (I.e., p. 205)

calculation of 10 to 14 years. The trunks of these two trees are still

relatively cylindrical between root level and initial branching at about
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ure 2. Dracaena draco, No planted in photographed in

2.25 m., the trunk diameter differing by only 5 to 6 cm. between these
points. The massive tapering bases reported for old trees has shown little

sign of development in the first 45 years. Neither of the trees has pro-
duced the adventitious roots described and illustrated by Bystrom. This
may be due to the particular genotype being grown or to the much drier

atmosphere in Adelaide compared with the peaks in the Cape Verde Islands
which are frequently shrouded in clouds.

Table B. Growth and flowering of three young specimens of Dracaena draco.



In recent years three more plants have been established from eed^

one (No. 1714) from a plant in the Sydney Botanical Gardens of the

Cape Verde form, the second (No. 1715) from a plant in a garden at

Las Palmas, and the third (No. 1711) from seed collected from the.large

old tree at Icod, Teneriffe. Their performance to date is given in Table

B (refer to page 54).



Figure 4. Dracaena draco in the Adelaide Zoological Gardens, 100 years old, photographed in
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It will be seen that the first flowering occurred 9 to 1 1 years from seed

and in both cases this was immediately followed by branching.

Two other trees of known age but of unknown origin have been ex-

amined. The first is in the Adelaide Zoological Gardens. It is of the

Cape Verde form. The records are not precise, but this was probably
sown before 1871 and planted out before 1875 and is not earlier than 1865.

The specimen is then almost exactly 100 years old (see Figure 4). This
striking spreading tree has a trunk diameter of 70 cm. at ground level

and 60 cm. below the branch at 2 m. Its height is 6 m. and it has a

spread of 7.5 m. About 11 orders of branches (or constrictions) can be
counted, giving a sympodial unit every 9 to 10 years which agrees well

with the trees grown in the Waite Arboretum (see Figure 5).

The second is in the Victoria Park Gardens and was planted about

70 years ago. This tree has thicker branches than the one above, the

leaves have a distinct twist to them, and some thick adventitious roots

15-20 cm. long hang from some branches. The trunk is 64 cm. in diameter
and branches at 1.2 m. ; the tree is 5.5 m. high with a spread of 7.6 m. About
5 to 6 orders of branching can be counted, but the sympodial units are

relatively long and in this case flowering is indicated every 11 to 14 years.

SUMMARY

These records show that flowering and branching of Dracaena draco

may occur quite early but that the massive tapered trunks are not evi-

dent in the first 100 years.

Trunk diameter in young trees (50-100 years) increases at the rate of

about 1 cm. per year in both the Cape Verde Islands and at Adelaide,

and in both sites sympodial units, indicated by branch constrictions and
probably the result of flowering, occur about every 10 years.
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A NEW SPECIES OF RUPPIA IN HIGH SALINITY IN

WESTERN AUSTRALIA

J. S. Davis ] and P. B. Tomlinson -

The systematic position of Ruppia, whether isolated from or closely

associated with the larger genus Potamogeton, has occasioned some dis-

agreement in the taxonomic literature. Hutchinson (1934, 1959) repre-

sents a minority view by including Ruppia in a family (Ruppiaceae) sep-

arate from Potamogeton, whereas other authors include the two genera

in the same family. Although there are obvious differences between Po-

tamogeton and Ruppia. Hutchinson's view stresses them at the expense

of their considerable similarities. However, this attitude, in turn, should

be viewed against the modern tendency to dismember the originally large

assemblage of the Potamogetonaceae (sensu lato) and erect smaller fam-

ilies like Cymodoceaceae, Posidoniaceae, Zannichelliaceae, Zosteraceae.

This approach is reflected in the system of Takhtajan (1966) as well as

that of Hutchinson. The question might therefore be asked about Rup-
pia— does it show the same degree of difference from Potamogeton as do

these families from each other, sufficient to warrant its segregation in the

Hutchinsonian manner? In views of the many evident similarities between

Potamogeton and Ruppia, in terms of vegetative morphology and anatomy,

but particularly of floral morphology (Uhl, 1947), the question would

seem still to be an open one. The discovery of a new species of Ruppia

(described here) with certain hitherto unrecorded morphological peculiari-

ties which recall Potamogeton is of interest. The distinctive diagnostic

features may be related, in part, to the unusual environment in which

the plants were growing; so the habitat, which has been studied by the

senior author, also deserves description.

The number of taxa within Ruppia remains uncertain chiefly because

the plant is polymorphic and species are distinguished by relatively slight

morphological differences of the reproductive parts, but especially of the

fruits (e.g. Mason, 1967). Setchell (1924, 1946) laid emphasis on the

ecotypic variation within Ruppia, and he considered that most diagnostic

criteria which had been used to separate taxa were subject to this varia-

tion. The only careful cytotaxonomic survey has been carried out by

Reese (1962) on the European forms, and his approach is very illuminat-

ing.

: flora and fauna of the solar salt system of

Western Australia, is gratefully acknowledged.
2
P.B.T. Work on the anatomy and morphology of monocotyledons was supported

by National Science Foundation grants GB-5762x and GB-31844-x. A general ac-

count of the morphol.u- md inttnnv ut R if- i > Inch will be published in a forth-

coming volume (vol. VII, the Aquatic M I des-Najadaks of

"Anatomy of the Monocotyledons," ed. C. R. Metcalfe) is subsequently referred to

as "Tomlinson, unpublished."
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MATERIAL

Specimens were collected by one of us (J.S.D.) during the last week

of August and the first weeks of September, 1970, in two ponds and sev-

eral ditches on the property of Shark Bay Gypsum Company of Western

Australia. The locality is at Useless Inlet on the Heirisson Prong of the

Carrang Peninsula in the southern part of Shark Bay. The ponds (which

are identified by letters) and the ditches are the intermediate part of the

solar salt system in which sea water is evaporated to produce sodium

chloride. In addition to he barium specimens (deposited in the Her-

barium of the University of Florida, flas), material was fix2d in 70%
alcohol. This provided opportunity for morphological study (by P.B.T.).

Habit drawings and detailed illustrations were also prepared from this

pickled material.

OBSERVATIONS

Ecology. The time of collection was the early spring of this part of

Australia. At this time the plants were flowering and shedding their

anthers, these often becoming concentrated by the wind into yellow films

up to several square feet in area in certain parts of the pond. Many
plants, however, were producing fruits. Plants were abundant in Pond V
and Pond W of the solar system and in the ditches parallel to these two
ponds. The plants grew in dense tufts covering up to several square feet of

the bottom. Plants in vaiious stages of maturity and varying in size were

evident everywhere, from seedlings (Figures 1-7) to flowering speci-

mens (Figures 8-10).

All the mature plants were dark green, firmly rooted, and with their

rhizomes completely buried; they looked healthy and appeared to be

growing vigorously.

The water in which the plants grew was clear, with depths varying

from about three inches to two feet; tlie temperature range was 68-70° F.

Of chief interest was the salinity of the water at the Ruppia locations,

which ranged from 92 to x32 parts per thousand of dissolved salts, as

determined with a corrected Baume hydrometer. This represents a range

of salinity from 2.6 to nearly 4 times that of ocean sea-water.

Ruppia was absent from the large pond which is used to supply water

to Pond V (of about 1,000 acres), even though the salinity in both these

bodies of water was the same. During windy days, however, wave action

on the larger pond was noticeably severe. The ponds receiving the water
of Pond W contained no Ruppia. These ponds are small and shallow but

salinities were over 200 parts per "lousand.

Ruppia tuberosa Davis & Tomlinson, sp. nov. Foliis brevibus (usque
ad 8 cm. longibus), angustis (usque ad 0.3 mm. latis) ; apice folii ro-

tundato irregulariter. Carpella plurima (usque ad 12); fructi sessili

(deficientes podogynam), crista prominenti laterali dentato, non rostrata.
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111 1

Figures 1-5. Ruppia tuberosa: 1, outline of leaf apex, X 45; 2, epidermal c

of leaf, X 150; 3, monopodial branching system of proximal parts,
vy 1

detail of node on proximal parts, X 6; 5, detail of turion, X '

longitudinal section to right.
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Surculi evolventes tubera tumida aut turiones conspicuos (usque ad 1.5

mm. diametro). Type: In hypersaline water (up to about 4 times the

salinity of sea-water) in salt ponds, Useless Inlet, Shark Bay, Western

Australia. /. 5. Davis s.n. 4 Sept. 1970 (flas).

Leaves to 8 cm. long, narrow; blade scarcely 0.3 mm. wide at a level

halfway between its base and apex; apex (Figure 1) irregularly rounded

with 1- to few-celled apical teeth, rarely bidentate; epidermal cells of

the order of 60 ^m long, 30 /xm wide (Figure 2). Shoots ending in

conspicuous starch-filled swollen tubers (turions) up to 1.5 mm. wide.

Peduncle long, exceeding the leaves, sometimes helically coiled; carpels

(female flowers) numerous, always more than 4 (up to 12), with a prom-

inent lateral crest. Fruits sessile (lacking a podogyne), more or less

regularly flask-shaped and without a pronounced apical beak, but with

a prominent transversely ridged lateral crest when young.

This species differs from all previously described forms of Ruppia

in its sessile fruits and turions. The leaves are exceptionally narrow and

short for the genus. It resembles R. polycarpa Mason in its numerous

carpels, narrow leaves, and blunt leaf apex, but the shape of the fruit

seems to be very different. We have no chromosome counts, which in

view of the work of Reese (1962) and Mason (1967) would be very

desirable.

Morphological details- In its general morphology the Australian Rup-

pia resembles other Ruppia species in so far as they have been described

(e.g. Gamerro, 1968; Graves, 1908; Irmisch, 1858; Tomlinson, unpub-

lished). For our present purposes, comparative material has been pro-

vided by a population of Ruppia (tentatively identified as R. mar.

the brackish-water lakes towards the seaward side of Fairchild Tropical

Garden and by a population in high salinities in the Bahamas. The tran-

sition from monopodial growth in the proximal vegetative parts (Figures

3, 4) to sympodial growth in the distal reproductive parts (Figure 6),

which is characteristic of Ruppia, is clearly shown. In the former phase

each foliage leaf subtends an axillary bud and each node has one adven-

titious root (sometimes more). In other Ruppia species roots are in-

frequent or lacking distally, but in R. tuberosa they seem present at all

nodes, even distal ones (Figure 6). Modified leaves with inflated sheaths

are associated with each terminal inflorescence (Figure 6). Renewal

shoots (one or more) arise singly either in the axils of these modified dis-

tal leaves, or in those of the lower ones.

In the Australian Ruppia the extremity of each shoot tends to be abrupt-

ly recurved (Figures 3, 6, and 7). The terminal bud itself is then usually

represented by a swollen structure which is conspicuously white or yel-

lowish. These tuberous organs, which we may refer to as "turions" are

displaced into a pseudolateral position so that the adventitious root ap-

pears to be a direct continuation of the main axis (Figure 5). Dissec-

tion and free-hand sectioning show that the turion consists largely of a

single short internode in which the cortical parenchyma is distended and
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filled with starch. There is a single unextended root primordium at the

upper node, visible externally, and in section obviously continuous with

the stele (Figure 5). The turion is enveloped by the leaf inserted at

its proximal end; the insertion of the leaf at its distal end is obscure,

detail of sympodial

i terminal peduncle,

eedling phase; S. peduncle with young
rith dehisced anthers ,

inset to the left, detail of f
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largely because the ground tissue at the base of this leaf is also some-

what enlarged and starch-filled. A number of unexpanded leaf primordia

ar^ present in the turion. Turions occur throughout the plant and have

been seen on seedlings which had produced very few leaves (Figure 7).

They also had developed on renewal branches from nodes at or close to

terminal inflorescences (Figure 6). Turions themselves remain un-

branched, although there is a bud in the axil of their lowest leaf. Turions

may be contrasted with normal shoots in which developing internodes are

not swollen and the youngest extended root is obviously lateral (Figure

4).

In the material available the reproductive parts all represent relatively

late flowering stages. Peduncles are long and often spirally twisted (Fig-

ure 8). The youngest stages were flowers which still retained dehisced

thecae together with mature carpels (Figure 10) or fruits (Figure 9).

These fruits were in groups of up to 12. .Large numbers of ripe fruits were

developed on some inflorescences. Individual fruits lack the podogyne
which is otherwise normal in Ruppia. They are sessile and each has a

pronounced dorsal and transversely ridged crest (Figure 9).

DISCUSSION

This species is unusual in several respects. Most obvious are the turions,

which are modified shoots which serve for storage and possibly propaga-

tion, although we had no means of verifying this. Such organs seem never

to have been described for Ruppia, and several authors (e.g. Graves, 1908;

Kirchner et al., 1908) specifically mention the absence from Ruppia of

any winter bud or other organ comparable to the structures commonly
developed in several species of Potamogeton (e.g. Irmisch, 1858; Hag-
strom, 1911). Setchell (1946) mentions the lack of storage starch in

Ruppia. The similarity between the types of "resting" structure in

Ruppia and Potamogeton is not close, however, since those of Ruppia in-

clude only one internode, whereas those of Potamogeton usually include

several internodes. Winter buds or turions otherwise appear not to de-

velop in those families of aquatic monocotyledons closely allied to the

Potamogetonaceae (sensu stricto). The only possible confusion could be
with the "tubercles" developed in Ruppia (and other genera), which are

known to be a pathological response (e.g. Hisinger, 1887). There is no
evidence that the modified shoots developed by the Australian Ruppia
are pathological. It seems unlikely that these organs have been induced

by the high salinity of their environment, since Ruppia is known to endure
a wide range of salinities (Setchell, 1924). For example, our collection of

Ruppia from Long Island, Bahamas, came from salt ponds with a salinity

approximately twice that of sea-water. The only recorded morphological
effect of salinity is on fruit size (Mayer, 1971). Tolerance of Ruppia to

high salt concentration may be subject to genetic variation. Graves

(1908) showed that leaf and root cells of Ruppia maritima were plasmo-
lyzed at salt concentrations little higher than that of sea-water, suggesting
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to him that Ruppia might not endure high salt concentrations; on the

other hand, Ruppia evidently exists in high salinities.

The presence of turion-like organs and sessile fruits in this species, both
features of the genus Potamogeton, can be cited as evidence for a relation-

ship between Potamogeton and Ruppia which is best expressed by includ-

ing them in the same family.

SUMMARY

A new species, Ruppia tuberosa, is described from Western Australia

occupying hypersaline habitats (with up to 4 times the salt concentration

of sea-water). A morphological peculiarity is tin- development of swollen

shoots, rich in starch, at the end of almost all axes. These recall the

turions or winter-buds of Potamogeton. Organs of this kind have not

been recorded for Ruppia before and are used as evidence to demonstrate

the close relationship between these two genera. Additional peculiarities

include the individually sessile fruits, each of which has a prominent dor-

sal ridge.
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Subfamily MIMOSOIDEAE A. P. de Candolle, Prodromus 2: tab. inter 94 & 95,

424. 1825, "Mimoseae"

(Mimosa Subfamily)

Trees, shrubs, vines, or herbs, often armed with prickles or stipular

spines. Leaves alternate, evenly twice pinnate [or rarely once pinnate or

modified as phyllodia or scales, or absent], persistent to deciduous, petiol-

ate, the petiole with a conspicuous pulvinus, nectaries present in most

genera on petiole and/or rachis, the pinnae usually opposite; leaflets large

and few or, more frequently, small and numerous. Inflorescences subter-

minal, axillary, ramiflorous, or cauliflorous pedunculate spikes, racemes,

or heads, the peduncles often fascicled. Flowers mostly small, regular,

(3-)S(-7)-merous, perfect, staminate, or sterile (neutral, and then be-

coming showy in some genera), usually densely clustered, sessile to long-

pedicellate, bracteate. Sepals valvate or rarely imbricate in bud, rarely

free, usually connate, the lobes usually short. Corolla usually longer than

calyx, the petals valvate in bud, free or more usually connate, the lobes

long to short, usually exceeding the calyx. Stamens 4-10 (usually as

many as or twice as many as corolla lobes) or numerous, free or the

filaments connate to form a staminal tube or adnate to corolla, usually

exserted; filaments usually white, yellow, pink, or red and often the con-
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spicuous part of the flower; anthers small, basifixed to dorsifixed, often

versatile, sometimes with an apical gland; pollen grains shed singly (as

monads) or more frequently as compound grains (polyads or pollinia)

of 4-64 grains. Gynoecium 1-carpellatefor apocarpous with up to 15

carpels per flower], mostly bilaterally symmetrical, sessile to stipitate,

glabrous to pubescent; style usually filiform and slightly exceeding the

stamens; stigma terminal, generally minute and concave, or less often

dome-shaped; ovary superior, ovules [1 to] many, in two alternating rows

along the adaxial suture, hemianatropous to anatropous, obliquely as-

cending or pendulous, two integumented, crassinucellate. Fruit various,

generally a dry to fleshy legume dehiscing along both adaxial and abaxial

sutures [rarely explosively] or the adaxial suture dehiscing before the

abaxial one, or tardily dehiscent or indehiscent, straight, twisted or vari-

ously contorted, continuous within or variously interrupted, or fruit a

dry loment. Seeds various, generally piano-compressed, oriented trans-

versely, obliquely, or longitudinally in the fruit, mainly with a leathery

to very hard seed coat [or seed coat rarely lacking, the seeds then em-
bedded in a fleshy pulp], often arillate (the aril often fleshy), almost

always with a distinct U-shaped line (pleurogram) on each side; endo-

sperm often absent or scarcely developed; embryo minute to large, straight,

often with large, flat cotyledons, the radicle generally superior. Embryo-
sac development of the Polygonum type; embryogeny of the Onagrad type.

Base chromosome numbers 13, 14. (Mimosaceae R. Br. in Flinders, Voy.
Terra Austr. 2: 551. 1814, "Mimoseae," nom. cons.; tribe Mimoseae
Bronn, De Formis PI. Leguminosarum 127, 130. 1822.) Type genus:
Mimosa L.

The Mimosoideae is one of three widely recognized subfamilies of the

large and important family Leguminosae (Fabaceae). Although some
contemporary botanists (e.g., Cronquist, Hutchinson, Takhtajan) treat

them as separate families of a single order, the distinguishing characters

between the three taxa break down to such a degree that it seems far

better to keep them at the rank of subfamily. The Mimosoideae are

characterized by actinomorphic (regular) perianth and androecium, by
both corolla and calyx valvate in bud (except the calyx imbricate in

Parkia, Pentaclethra, and Mimozyganthus) , and by seeds usually marked
by pleurograms. By contrast, in the Caesalpinioideae the flowers are acti-

nomorphic to zygomorphic, the corolla is imbricate in bud, the calyx usu-

ally is imbricate (rarely valvate), and the seeds generally lack pleuro-

grams. The two subfamilies appear to be connected through the caesal-

piniaceous genera Burkea and Dimorphandra and the mimosaceous Pen-
taclethra. The more specialized subfamily Mimosoideae appears to have
arisen from the Caesalpinioideae. The relationship between the Mimo-
soideae and the Faboideae is not so close, the papilionaceous legumes tend-

ing, instead, to approach some of the zygomorphic-nowered caesalpinia-

A number of artificial assemblages have been established in the Mimo-
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soideae, and it is evident that many of the criteria used to delimit genera
are unsatisfactory. Linnaeus placed all the mimosoid legumes known to

him (with the exception of Adcnanthcra paionina) in a single genus,

Mimosa. In 1805, Willdenow divided Mimosa into five genera, and, by
1875, Bentham, in his now classic revision of the subfamily, enumerated
six tribes containing 29 genera. Since 1875 generic delimitation has pro-

ceeded either toward a reduction in the number of genera (e.g., Kuntze,

1891) or toward the recognition of numerous segregate genera (e.g.,

Britton & Rose, 1928).

The subfamily Mimosoideae contains approximately 55 to 60 genera

distributed throughout tropical, subtropical, and warm-temperate regions

of the world. The distribution of species among the 56 genera recognized

by Hutchinson (1964) is very uneven. Almost two-thirds of the known
species fall into three genera: Acacia, with 700-800 species; Mimosa,
with 400-450 species; and Inga, with 350-400 species. Many of the gen-

era are small, and nearly one-half of those recognized by Hutchinson are

monotypic. Most of the monotypic ones are African. Obviously, generic

lines in this subfamily are in need of a complete re-examination.

Bentham's six tribes (Parkieae, Piptadenieae. Adenanthereae, Eumi-
moseae [= Mimoseae], Acacieae, and Ingeae) were based mainly on
floral and seed characters. Taubert (1894) used the same characteristics

in the second major account of the mimosoid legumes. Most authors have
maintained these tribes until recently (1964), when both Hutchinson and

Schulze-Menz combined the Piptadenieae (endosperm present) with the

Adenanthereae (endosperm absent). Both authors also considered the

monotypic Mimozyganthus Burkart to represent a distinct tribe, Mimo-
zygantheae. Although the tribes recognized by Hutchinson and by Schulze-

Menz may have some degree of integrity, they still appear to be largely

artificial. For example, the separation of the Mimoseae from the Adenan-
thereae on the basis of the presence or absence of a gland at the tip of

the anther is at best a tenuous distinction (see Schrankia and Desman-
thus). However, considerably more data are needed, especially about the

poorly known genera of tropical areas, before more natural infrageneric

groupings can be made. Consequently, the genera treated here are as-

signed to the tribes of Hutchinson and of Schulze-Menz in a very tenta-

The great variability in the pollen of the Mimosoideae is shown by
the occurrence of single grains and several types of compound grains, vari-

ous aperture systems, and variation in stratification and relief of the

pollen exine. The pollen of many genera is shed as single grains (monads),

usually tricolporate. Pollen in tetrads is found in Schrankia and some

species of Mimosa, while eight-grained polyads, although infrequent, oc-

cur in some species of both Mimosa and Calliandra. Flattened, disc-

shaped, 16-grained polyads are the most frequently encountered of the

polyad types (cf. Acacia, Albizia. I.\ uloma. and Pithecellobhim and many
species of Calliandra and Inga). Large 3 2 -grained polyads are found in

Affonsea, Samanea, Enterolobium, and some species of Pithecellobhim
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and Inga. The individual grains of a polyad are often asymmetrical,
heteropolar, and 4- to 8-porate.

Sorsa (1969) and Guinet (1969) independently obtained similar data
from palynological surveys of the subfamily, but each regarded a differ-

ent type of pollen as primitive. Guinet considered the tricolporate pollen
types to be more complex than the porate ones, while Sorsa contended
that the development of the various aperture systems proceeded from
colpate and colporate toward the more advanced porate condition. Pollen
grains shed individually are isopolar, while those shed as polyads are al-

most always heteropolar. Guinet linked heteropolarity with the simplest
pollen features and isopolarity with the more complex, but Sorsa took
the opposite view. Although these differences are unresolved, the many
features of the pollen of the Mimosoideae, when correlated with other
characteristics, undoubtedly will prove to be very helpful in understand-
ing the complex relationships within this group.
The Mimosoideae are poorly known cytologically, perhaps because of

difficulties in obtaining buds at the proper stage of development and be-
cause the number of pollen mother cells in an anther is reduced in many
genera. The chromosomes are small and have not been studied morpho-
logically. The genera in our range appear to have a base number of 13,
except for Desmanthus and Neptunia, both of which have 14. Polyploids
are few but occur in at least Acacia and Mimosa.

Although variable in size, the seed of members of the Leguminosae
generally is compressed, has a large embryo, and a hard but smooth seed
coat. Seeds without endosperm occur in all three subfamilies, except in
tribes Adenanthereae and Mimoseae of the Mimosoideae. The most dis-
tinctive feature of almost all seeeds of the Mimosoideae is the pleurogram
(or areole, ligne de suture, lineafisural ; see Brenan, Corner) a fine U-shaped
groove in the seed coat on each side of the seed. Except for the pleuro-
gram, the significance of which appears to be unknown, the seeds of the
Mimosoideae and those of the Caesalpinioideae are very similar.
Leguminous seeds, in general, are long lived, and those of a number

of mimosoids have been shown to be remarkable in this respect. Seeds
of Mimosa pudica have germinated 44 years after collection, Acacia after
more than 50 years, Mimosa glomerata after 81, Leucaena leucocephala
after 99, and Albizia Julibrissin after 50, 70, and 147 years (cf. Albizia;
under subfamily references see Crocker).
The secondary xylem is either ring porous or diffuse porous, and the

mostly solitary vessels are composed of elements with simple perforation
plates. Senn (1943) concluded on the basis of the length and configuration
of the vessel elements that the Leguminosae are highly specialized. Para-
tracheal parenchyma is usually abundant in the secondary xylem, except
in a few species that have apotracheal parenchyma. The paratracheal
parenchyma varies from the simple vasicentric type to confluent or even
broadly banded types. Parenchyma patterns of the Mimosoideae are
quite similar to those found in the Caesalpinioideae, but patterns in the
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Faboideae show considerably more variation than in the other subfami-

lies.

Septate fibers occur in all three subfamilies, but are most frequent in

the Mimosoideae and are very rare in the Faboideae. The occurrence of

relatively specialized rays in the secondary wood indicates the advanced

nature of the family. Storied rays are absent in the Mimosoideae, infre-

quent in the Caesalpinioideae, and most frequent in the Faboideae.

The nodal anatomy of the Mimosoideae is of the trilacunar type, with

three traces and three gaps. Each of the two lateral traces gives rise to

an accessory bundle that supplies one of the stipules. The main vascular

supply of the petiole consists of a ring of vascular bundles with accessory

bundles found in the adaxial position.

Most mimosoid legumes have extrafloral nectaries on the petiole and

or the rachis of the leaves. These nectaries are generally small, usually

cup- or trough-shaped, and secrete a sugar-rich nectar. Some physiologists

consider them to be organs for the elimination of waste products or an

over-abundance of carbohydrates, but other investigators, mostly natural-

ists and ecologists, hold that the foliar nectaries entice ants, which, in

turn, protect the plant from herbivores. Although the nectaries do in-

deed attract ants which provide some degree of protection, especially in

some tropical species, and there are some remarkable examples of mu-

tualism (see Acacia), the available data are inconclusive as to the pri-

mary function of these organs. Whatever their function, the many types

of foliar nectaries can be useful taxonomically because each type is rela-

tively invariable within a species.

Records of Mimosoideae as fossils, especially those from the south-

eastern United States, are based almost entirely upon fragments of leaflets.

Species of the tropical genera Inga and / v " tbhtm have been reported

from deposits of the lower Eocene (Wilcox group) and the middle Eocene

(Claiborne group) of the Mississippi Embayment region (Berry. 1916.

1924). The northernmost reported occurrence is Inga wickliffensis Berry

from Ballard County, Kentucky. The identifications of angiosperms re-

mains from the Mississippi Embayment are being reviewed, and detailed

studies of the fragments are beginning to yield more accurate identifica-

tions. The presence of Inga and Pithecellobium in the deposits of the area

needs verification.

Species of the Mimosoideae are of less economic importance than those

of the Faboideae. but many members of the subfamily are useful. Gum
arabic is obtained from Acacia Senegal Willd.. while tannins are derived

from the bark of other acacias, especially from certain species of Australia.

South Africa, India, and some regions of the New World. The hard

wood of many mimosoid trees is very attractive and takes an excellent

polish. Lumber is obtained from species of Acacia, Albizia, Xylia. Entcro-

lobium, Lysiloma, and many other genera of lesser importance.

The leaves of most mimosoid legumes found in the United States (ex-

cept those with well-developed spines) are of value as forage for cattle,
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horses, and some of the larger native mammals. The seeds of all species
of our range are eaten by various wildlife, especially birds and rodents.
Flowers of some species of Acacia and Leucaena are prodigious nectar
producers and are often important sources of honey. Some of the thicker,
fleshier pods (as in species of Inga) are used to feed livestock or as an
occasional food supplement by the Indians of the lowlands of Central
and South America. Many of the small to medium-sized trees with
spreading crowns are used as shade trees in coffee- (and to a lesser ex-
tent in cacao-) plantations.

Nearly all of the mimosoid legumes grown for their ornamental value
are unable to tolerate freezing temperatures and, consequently, can be
grown out-of-doors only in southern Florida and southern California.
Several species of Calliandra are in cultivation, especially the well-known
and widely cultivated C. haematocephala Hassk., powderpuff tree, and to
a lesser extent C. surinamensis Bentham. Many species of Acacia, especial-
ly Australian ones, are cultivated in southern Florida and California for
their fragrant and attractive flowers. Occasionally species of Inga and
Pithecellobium are found in cultivation, and the rain tree, Samanea So-
man (Jacq.) Merr. is grown in southern Florida. Specimens of Anadenan-
thera colubrina (Veil.) Brenan and Enterolobium cyclocarpum (Jacq.)
Griseb. are in cultivation but are not widely grown.

Representatives of two genera introduced as ornamentals, Dichrostachys
(DC.) Wight & Arn. and Adenanthera L., show signs of becoming nat-
uralized in southern Florida and are, consequently, included in the key
that follows. Dichrostachys cinerea (L.) Wight & Arn., apparently in-

digenous to India and Africa, has been introduced into southern Florida
from Cuba. Despite the very attractive pink-and-yellow inflorescences,
the thorny branches and rampant growth of this shrub or small tree have
made it a serious pest in Cuba. Its possible spread in southern Florida
should be watched carefully.

The Old World Adenanthera pavonina L., red sandalwood, also intro-
duced into the West Indies and Central America, is cultivated as an orna-
mental tree. The twice-pinnately compound leaves are large with rela-
tively large leaflets, and the valves of the fruits coil and twist upon de-
hiscence, much like those of Pithecellobium, exposing the bright red lens-
shaped seeds, which remain attached to the valves. Birds probably serve
as effective dispersal agents.
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\. of Mimosoideae in the Southeastern United States

General characters: Woody or herbaceous plants with
compound leaves usually with one or more nectaries present on the petiole and/
or rachis; inflorescences of spikes, heads, or racemes; flowers small regular,

usually 5-merous and perfect or some staminate or infrequently neutral; calyx

and corolla small, valvate in aestivation; taminal filaments conspicuous and

often showy, 5, 10, or numerous, free or connate; anthers minute: fruit usu-

ally a legume or loment, sometimes indehiscent ; seeds usually small, with a hard

coat and a U-shaped line (pleurogram) on each face.

A. Stamens 5 or 10.

C. Inflorescences capitate, axillary; petals free; anthers without an apical

gland; pollen shed as single grains; fruit flat, not coiling; seeds com-

pressed, brown 1. Leucaena.

C. Inflorescences racemose, terminal; petals nearly free, united at base;

anthers with a deciduous gland at apex; pollen shed in flattened 16-

grained polyads; valves of fruit coiling upon dehiscence, persistent,
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bearing the brilliant red lens-shaped seeds along the margin.

\Adenanthcra.]

Plant an armed or unarmed shrub, subshrub, or herb; corolla sympetalous

(petals distinct or only basally connate in Dcsmanthus)
;
pollen shed as

single grains or in tetrads.

D. Flowers pink to white, never yellow; anthers with an apical gland

(or this rarely lacking); fruit without a conspicuous stipe.

E. Legume prickly or spinescent ; stamina] filaments bright pink:

pollen in tetrads.

F. Fruit flattened, oblong, the valves separating from the persis-

tent margins and dividing into 1 -seeded segments; seeds piano-

compressed, ovoid, ovate to orbicular; stems and leaves vari-

ously prickly, peduncle of inflorescences unarmed
2. Mimosa.

F. Fruit tetragonal, splitting into 4 segments; seeds tetragonal to

rhomboid; stems, leaves, and peduncles armed with numerous

recurved prickles 3. Schrankia.

E. Legume unarmed, bivalved and splitting along the margin into

two segments; staminal filaments, light green to white; pollen

grains single; plant unarmed 4. Desmantkus,

D. Flowers, at least the perfect ones, bright yellow, neutral flowers when

present with conspicuous yellow, pink, or purplish staminodia ; anthers

without an apical gland; fruit with or without a conspicuous stipe.

G. Plants perennial, herbaceous, generally prostrate, branchlets un-

armed; inflorescences congested spikes; flowers yellow; fruit com-

pressed, not twistinii. distinctly r-tipiuue. marLrm.dly dehiscent by

two valves 5. Neptuma.

G. Plant woody; branchlets armed; inflorescences elongated spikes;

flowers usually yellow and pink; fruit compressed, twisting, lick-

ing a conspicuous stipe, usually indehiscent. . [Dichrostachys.]

amens numerous (more than 10)
;

pollen shed in 16-grained, flattened

. Stamens usually 50 or more, free 6. Acacia.

. Stamens usually 12-50, united at the base or into a distinct tube that

generally equals the corolla tube.

I. Fruit dehiscent, the valves separating from the persistent margin;

stamens united only at the base; stipules large, becoming foliaceous,

deciduous to subpersistent 7. Lysiloma.

I. Fruit indehiscent or dehiscing along one or both margins, the margin

never persistent and separating from the valves ; stamens united into

a distinct tube; stipules setaceous and caducous or spinescent and

persistent.

J. Flowers of an inflorescence dimorphic, the central one or two flow-

ers having an elongated tubular corolla and a long-exserted stami-

nal tube; fruit thin, flattened, membranaceous to chartaceous;

seeds without an aril; leaves with many leaflets; branches un-

J. Flowers of an inflorescence all alike; fruit usually thick, leathery,

coiling; seed arillate; leaves with few leaflets; branches armed

or unarmed 9. Pithecellobium.
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Tribe Mimoseae Bronn

1. Leucaena Bentham, Jour. Bot. Hooker 4: 416. 1842.

Trees or shrubs of tropical to subtropical habitats; sapwood yel-

lowish, heartwood reddish brown; wood strong, durable, straight-grained;

branches unarmed, slender to stout. Leaves persistent, with numerous
pairs of pinnae and small leaflets [or with few pinnae and larger leaflets

borne in pairs]
,
petiolate, a petiolar nectary often present below the lowest

pair of pinnae; stipules minute and caducous or becoming spinescent and
persistent. Inflorescences of many-flowered, globose heads, the peduncles

axillary, often fascicled or in terminal racemes. Flowers usually perfect, 5-

merous, sessile or short-pedicellate, white; subtending bracts small, pel-

tate, usually villous at the apex. Calyx campanulate to tubular, with 5

small lobes. Petals 5, free, narrowly obovate, acute to rounded at apex,

narrowing at base, pubescent to glabrous. Stamens 10, free, attached at

base of ovary, exserted; filaments filiform; anthers introrse, oblong, pilose

[to glabrous], eglandular [rarely glandular], versatile; pollen generally

shed as 3-colporate grains [or rarely in 16-28-grained polyads]. Stigma
terminal, minute, invaginated and concave; style filiform; ovary stipitate,

ovules numerous, anatropous. Legume many-seeded, stipitate, broadly to

narrowly piano-compressed, linear-oblong to oblong, dehiscent, the valves

thickened on the margins, continuous within, often pubescent when young,

glabrous at maturity, the outer pericarp thin and papery, dark-colored,

the inner thicker, woody, pale brown. Seeds ovate to obovoid, compressed,

transversely oriented, suspended on a long slender funiculus; seed coat

thin, crustaceous, brown and lustrous, with a distinct pleurogram; embryo
inclosed by a thin horny endosperm; radicle slightly exserted. Base chromo-
some number 13. {Ryncholeucaena Britton & Rose; Caudoleucaena Brit-

ton & Rose). Lectotype species: L. glauca sensu Bentham 2 (Mimosa
glauca sensu L., 1763, non 1753) = L. leucocephala (Lam.) De Wit; see

Britton, N. Am. Trees 526. 1908; Wilbur, Taxon 14: 246. 1965. (Name
from Greek leukos, white, in reference to the color of the flowers.) —

A genus of approximately 40 species distributed mainly in Central

America, northern South America, and the West Indies. The Polynesian

Leucaena Forsteri Bentham is better placed in the genus Schleinitzia.

Three species occur in the United States: two are restricted to Texas, and
the third occurs in California, Texas, and, in our range in southern

Florida.

A small spreading tree, Leucaena leucocephala (Lam.) De Wit 3 (L.

2
Isely (1970) has revived Williams's argument (1964) for selecting L. diversijolia

as the lectotype species and for rejecting /. .,-/«/««. Williams holds that "I I l.noarnn
is typified by Mimosa glauca L. then it will become a generic synonym of Mimosa."
This argument is untenable as is clearly stated by Art. 10, ICBN, 1972. It is the spe-

cies that Bentham had (not the name of that spedes) that is tin- type of the name
Leucaena. There is no question about the identity of the species; he merely had the
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Figure 1. Leucaena. a-h, L. leucocephala: a, branchlet with inflorescences in

bud and at anthesis. X 1/2; b. bud and subtending bract, X 6; c, perfect flow-

er, showing pilose anthers, X 6; d, gynor itate ovary, style,

and minute stigma, X 6; e, stigma, showing concave, pore-like construction, X
24; f, infructescence, X 1/4; g, seed, showing pleurogram, X 2; h, embryo,

showing slightly exserted radicle, X 2.

glauca (L.) Bentham sensu many authors), leadtree, In = 26, 104. is indig-

enous from northern South America to southern Mexico, the West Indies

(including the Bahamas), and possibly southern Florida. It has been

introduced into southern Texas, California, Bermuda, and southward to

Argentina and Chile. Widespread introduction and subsequent naturaliza-

tion of L leucocephala in the Old World tropics has also occurred. The

unarmed plants of this species (trees or shrubs) are distinguishable from

other mimosoid legumes of the southeastern United States by the leaves
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with several pinna-pairs bearing numerous small leaflets; by the capitate

inflorescences borne in a terminal raceme, the free petals, the 10 free

stamens, and the eglandular pilose anthers; and by the legume with
valves that separate along both margins but do not recurve.

The individual inflorescences comprising the flowering raceme develop
acropetally. The flowers of a single inflorescence are largely synchronous
in anthesis and are short lived, generally opening in the morning and
remaining open until the following day when they show signs of wilting.

The next higher inflorescence usually comes into flower as its predecessor
fades. Since a raceme may bear 20-30 inflorescences, the time of flow-

ering can be spread over two or three weeks. The ability of this species

to invade cleared areas quickly and successfully is indicative of both
its reproductive success and its competitiveness. In Puerto Rico flower-

ing and fruiting have been reported throughout the year, with individual
trees of L. leucocephala producing large numbers of fruit and viable seeds.
In Central America mature plants of L. leucocephala are scattered, with
relatively few seedlings, and they do not occur in dense stands (Janzen,
1970). Janzen reports that upwards of 90 per cent of the seed crop pro-
duced in Central America is lost to bruchid beetle predation. In Puerto
Rico, however, bruchid attacks are less frequent, and most of the large

number of seeds produced each year are viable, thus accounting for the
dense stands. It is theorized that plant species invading islands may
leave their predators and parasites behind. If this is so, L. leucocephala
is a Central American species that has successfully invaded first the West
Indies, and then Florida.

Two distinct types of pollen occur in Leucaena (Sorsa). In most species
the grains are 3-colporate, subspheroidal, medium sized, with an exine 2-

4 /xm. thick, and are shed as single grains (monads). In a few species

the pollen is in 16- to 28-grained polyads with the individual grains hav-
ing 6-8 paraiso- or hetero-polar pores and being rounded pyramidal with
a pointed proximal face and with the exine about 1.5-2 Mm. thick. Guinet
recognized a third type, which he considered to be intermediate, that is,

being shed singly but having the characters of a grain found in a polyad.
It seems likely that this type resulted from the acetolysis treatment, which
separated the polyads into individual grains thus leading to misinterpre-

The very high chromosome number In = 104 that has been reported
several times may be due to somatic polyploidy, a phenomenon known in

several genera of this subfamily. The polyploidy is often present in

young primary roots but disappears as the roots age.
Leucaena leucocephala is used as shade for coffee and cacao, and it is

also used frequently as either a hedge or a living fence. The leaves are used
as green fertilizer (Work) or, when dried, as forage for livestock in place
of alfalfa. Gnatt concluded that L. leucocephala is superior to common
grades of alfalfa meal, and the leaves were shown by Henke to be high
in protein content. It has, however, been known for a long time that
when moderate to large quantities of the leaves and legumes are eaten



1974] ELIAS, MIMOSOIDEAE (LEGUMINOSAE) 81

by horses, donkeys, mules, and hogs, the animals seem to be in generally

poor condition and lose their hair. From a comparison of the symptoms
Arnold attributed this effect to selenium accumulated by the plant from

the soil and concentrated in the young leaves and seeds, but the poison-

ous principle has proved to be mimosine, an alpha-amino acid. Conflicting

results with feeding experiments in various tropical areas suggest that there

may be geographical genetic variation in the amount of mimosine pro-

duced by the plant. A recent account of L. leucocephala in cultivation

is given by Oakes.

Under subfamily references see BESGER, Witkvs & McMAHON; BOLKHOV-
skikh etal.,p. 304; Brenan; Compton; F. C. Gates; Graham; Hutchinson;
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2. Mimosa L. Sp. PI. 1: 516. 1753; Gen. PI. ed. 5. 233. 1754.
Perennial or rarely annual herbs, shrubs [or rarely trees, sometimes

climbing or prostrate] , mostly armed with prickles. Leaves bipinnate (in

some species with very short rachides, the pinnae appearing digitate)

[rarely absent or reduced to phyllodes], often sensitive, petiolar nectaries

absent [or rarely present], secondary rachides mostly 2-stipellate, the
pinnae with few to numerous leaflets; stipules usually small and subulate,
never spinescent. Inflorescences of spikes, racemes or ovoid globose heads,
pedunculate, the peduncles solitary or more often fascicled, axillary,

ebracteate. Flowers small, sessile, generally perfect, andromonoecious [or

sterile in some species with the staminodia becoming subpetaloid at the
apex]; perianth (3-)4-5(-6)-merous. Calyx usually minute, gamo-
sepalous, sometimes paleaceous, with small lobes, ciliate [or irregularly
laciniate]

. Corolla sympetalous, tubular, the lobes often short, pubescent.
Stamens the same number as or twice as many as the petals, free, exserted;
anthers minute, dorsifixed, introrse, eglandular; pollen shed in tetrads

[octads, or in a few species 12-grained polyads.] Stigma in a minute
terminal pore; style filiform, usually exceeding the stamens; ovary gen-
erally short and sessile, ovules 2 to many. Fruit oblong to linear, usu-
ally piano-compressed, straight or curved, sometimes contorted, mem-
branaceous to coriaceous, indehiscent or dehiscent, valves two, separat-
ing from the persistent margins, divided transversely into 1 -seeded seg-

ments (or rarely entire), continuous or subseptate within, often pubescent
and armed with prickles. Seeds ovoid, ovate to orbicular, piano-com-
pressed, seed coat hard, lustrous, with a distinct pleurogram, generally
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transverse, endosperm present; embryo straight, the cotyledons flat. Base

chromosome number probably 13. (Lomoplis Raf., Scnsitiva Raf., Ptero-

mimosa Britton, Neomhnosa Britton & Rose, Mhnosopsis Britton & Rose,

Acanthopteron Britton, Haitimimosa Britton). Lectotype species: M.
sensitiva L.; see Britton & Millspaugh, Bahama Flora 161. 1920. (Name
from Latin, mimus, a mimic, from the sensitive leaves that imitate the

movement of an animal [cf. Tournefort, Inst. Rei Herb. 1: 606. 1700,

"Mimosa a mimo, cujus motus imitari videtur] or, according to Greene,

derived from Spanish ycrba mimosa, sensitive plant, the name given it by

C. Acosta, the first European to write about it [1578].)

A genus of some 400 to 450 species, m;

pantropical distribution and with a few sp

of the world. The genus has two principal areas of diversification, the main

one extending from the grasslands of southern Brazil southward, and the

second from the drier grasslands or scrub vegetation in Mexico north

into the southwestern United States. A few species of Mimosa occur

throughout northern South America and Central America. Fifty-six species

of Mimosa were recorded from Argentina by Burkart (1948) as com-

pared to ten species of Mimosa in Texas (Correll & Johnston, 1970). On
the basis of number of stamens per flower, Mimosa can be divided into

two sections, one. or perhaps both, represented in our range by one species.

Section Habbasia DC. (sect. Bataucaulo DC, sect. Ameria Bentham),

distributed in both hemispheres, is distinguished by flowers with twice as

many stamens as petals. Most species of this section shed their pollen

grains in 8- or 16-grained polyads, although in some (e.g.. M. strigillosa)

the pollen is in tetrads. Section Habbasia is represented in the south-

eastern United States by M. strigillosa Torrey & Gray, a native perennial

herb that occurs from Florida and Georgia to southern Arkansas, Okla-

homa, eastern and southeastern Texas, and Tamaulipas. It is disjunct in

Argentina. It is found in meadows, woodlands, hammocks, pinelands and

clearings, generally on sandy soils. In addition to the sectional charac-

ters, M. strigillosa can be recognized by the leaves with 4-8 pairs of pin-

nae, the peduncles as long as or longer than the leaves, the fruits uni-

formly spinescent-bristly and not strongly constricted between the seeds.

Section Mimosa (sect. Eumimosa DC), characterized by flowers with

the same number of stamens as petals (generally 4) and restricted to the

New World, includes approximately half of the known species of Mimosa.

Although incompletely sampled, species of this section appear to shed their

pollen in tetrads. Section Mimosa includes the common neotropical M.

pudica L., sensitive plant, In = 52, which has been introduced as a green-

house plant in the United States and is possibly incipiently naturalized in

the southernmost part of our range. Small reported M. pudica as occurring

on the Coastal Plain from Florida to Texas, but the lack of verified her-

barium specimens fails to support his assertion (see also Ward). Mimosa

pudica is native to South and Central America and the West Indies, and
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it has apparently been introduced in many parts of the tropics, presumably
for the novelty of the sensitive leaves.

In tropical America, the pink-flowered Mimosa pudica can be found
in such disturbed situations as roadsides and abandoned fields. It is

easily distinguished from M. strigillosa by its annual habit and by leaves
with one to two pairs of subdigitately arranged pinnae, peduncles shorter
than the leaves, stamens as many as the corolla lobes, and fruits strongly
constricted between the seeds and with spinescent bristles on the margin.
The leaves of Mimosa pudica, as well as most, if not all, other legumes,

are nyctinastic, the leaflets folding together at night and the entire leaf

dropping from a near horizontal to a more vertical position. The leaves
are also sensitive to touch and various other stimuli, the same sort of
movement often occurring quite rapidly. In both nyctinastic and thig-

monastic responses movement is brought about by differential changes in
the volume (turgidity) of motor cells in the pulvinus and the pulvinules.
Differences in turgidity between the cells of the upper (adaxial) half of
the pulvinus and those of the lower (abaxial) half create tensions in the
tissues that, in turn, cause movement. As with Albizia (q.v.), which is

not sensitive to touch, light-dark transition, endogenous circadian rhythms,
and phytochrome seem to be involved in the nyctinastic movements.
Fondeville et al. showed that leaflet-closure is controlled by phytochrome
and is evident as few as five minutes after irradiation with red or far-

red light. It has been proposed that phytochrome controls membrane
properties, and it has been shown that the photoreceptor is in the pulvinus
and the pulvinules. Fondeville et al. found that the action spectrum for
the opening response was most effective in the 710 and 480 nm. ranges,
which is similar to the action spectrum for high-energy response affecting
morphogenesis in many plants. It appears that a second, as yet unknown
pigment (or pigments) is involved.
The rapid response to touch is incompletely understood, but membrane

permeability undoubtedly is involved, and, as in nyctinastic responses in
Albizia, leaflet movement is associated with potassium flux into and out
of the motor cells (see Satter & Galston). Calcium flux has been reported
during thigmonastic movement in Mimosa pudica (Toriyama & Jaffe). The
motor cells have many small vacuoles that disappear as cell volume de-
creases and reappear as turgidity is regained. Some of the vacuoles con-
tain tannin deposits that are reported to have a regulatory function in
both thigmonastic (Toriyama & Jaffe) and phytochrome-controlled (Set-
ty & Jaffe) leaflet movements. The actual triggering mechanism of thig-
monastic responses has not been accurately determined, but the rapidity
of the response indicates that the system depends upon membrane per-
meability, rather than on enzyme action or gene activation, both of which
would elicit slower reactions.

The palynological studies of Sorsa and of Guinet have firmly established
the occurrence of three main pollen types in Mimosa. In the first, the
tetrads of grains range in size from 6.3 Mm. to 27/xm. on the long axis of
the tetrad. In the second common type, the pollen is shed in octads
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ranging in size from 11.5 /*m. to 30 /xm. on the long axis of the polyad.
The third type, 12-grained polyads, is known in only a few species (per-

haps confined to sect. Habbasia); the polyad varies from 13.8 Mm. to

20 /xm. on the long axis. The individual grains of the tetrads, octads,

and polyads are 3- to 6-porate or the apertures are indistinct. It is no-

table that Mimosa species have the smallest tetrads known in the Legumi-

Very little is known about the floral biology and breeding systems of

species of Mimosa. Although outbreeding is suspected because the pol-

len is in polyads, self pollination apparently occurs in several species.

Circumstantial evidence for self pollination is the lack of floral nectaries

in species investigated by Ancibor (1969). Unlike certain species of

Albizia, Calliandra, and Neptunia, most or all of the flowers of an inflo-

rescence are generally perfect and capable of producing fruit.

The genus is poorly known cytologically. Chromosome numbers have
been reported for only about two per cent of the species. According to

Bolkhovskikh et al. (1969), six species have In = 26, three species In =
52, one species In = 28, and one 2« = 40.

Although of limited importance, species of Mimosa, when abundant,

provide food for wildlife. The leaves are good forage, but the spines deter

larger mammals from grazing. The pods and seeds are used by small

mammals and by birds, especially quail. The bark is used locally in some
regions of Mexico in tanning skins. Because of the short, often branched
growth habit of the plants, the wood is not used to any extent in con-

struction or for implements, but is an excellent fuel. The delicate ap-

pearance of the bipinnately compound leaves, together with the fragrant

flowers makes some species desirable as ornamentals in warm, semiarid

regions.
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3. Schrankia Willdenow, Linn. Sp. PI. ed. 4. 4: 1041. 1806, nom. cons.

Perennial herbs or undershrubs, often prostrate or decumbent, sub-

scandent, or weakly ascending; branches terete to conspicuously angulate,

often sulcate, armed with numerous short, recurved, internodal prickles.

Leaves usually deciduous, with 1-8 pairs of pinnae, the pinnae when
numerous with small leaflets and when few with larger leaflets, the rachis

angulate, prickly eglandular, glabrous; leaflets generally small, subses-

sile to sessile, asymmetrical; stipules subulate, usually setaceous. Inflores-

cences pedunculate congested spikes or globose heads, axillary, solitary or

rarely in pairs. Flowers perfect or polygamous, sessile, pale to bright pink,

(4-) 5 (-6) -parted. Calyx minute, campanulate, with scarcely visible lobes.

Corolla tubular to funnel-shaped, connate to about the middle, the lobes

narrowly ovate, acute at the apex. Stamens (8—)10(—13), free, long ex-

serted; filaments filiform; anthers minute, eglandular, subdorsifixed
;

pol-

len in tetrads. Stigma terminal, minute, invaginated and concave; style

filiform; ovary sessile to subsessile, ovules about 16. Fruit linear to nar-

rowly oblong, short to elongate, usually tetragonal, rarely subcompressed,
acute to long-acuminate at apex, usually conspicuously prickly (prickles

sometimes lacking), nonseptate, dehiscent, both margins splitting away
from the sides, producing the effect of four valves. Seeds oriented longitu-

dinally, oblong, subtetragonal to rhomboid, the hilum subapical, the funic-

ulus short; seed coat thick, dark, the pleurogram large, U-shaped; endo-
sperm present; embryo straight. Base chromosome number probably 13.

(Leptoglottis DC, Morongia Britton; not Schranckia J. F. Gmelin, 1791,
Celastraceae, nom. rejic.) Lectotype species: 5. aculeata Willd., nom.
illeg. = Mimosa quadrivalvis L., Schrankia quadrivalvis (L.) Merrill;
see ICBN 314. 1972; Isely, Sida 4: 234. 1971. (Name commemorating
Franz von Paula von Schrank, 1747-1835, German botanist and profes-
sor of botany at Munich.) — Sensitive briar.

A small American genus of perhaps 16-18 species occurring mainly in
the southern United States and Mexico, but distributed southward to
Argentina. Beard (1963) concluded that all the described species are
really a single one that is, in turn, a Mimosa (M. quadrivalvis L.). Isely

(1971) did not accept these arguments and returned to the more tra-

ditional concepts within this genus, although he pointed out that prob-
lems of specific delimitation still exist.

Turner (1959) treated six species of Schrankia in his work on the
legumes of Texas, and Isely's account of the genus in the United States
closely followed Turner's, although he considered S. Nuttallii to be dis-
tinct from 5. uncinata. Four of the seven species recognized by Isely
occur in the southeastern United States; S. Roemeriana (Scheele) Blan-
kinship and S. latidens (Small) Schum. are restricted to Texas and 5.
occidentalis (Wooton & Standley) Standley to Texas and adjoining New
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Mexico. The species are often poorly denned, with intergrading forms,

and identifications should be made with caution. The present treatment

closely follows Turner and Isely.

Restricted to southeastern Texas and southern Louisiana, Schrankia

hystricina (Small ex Britton & Rose) Standley (Leptoglottis hystricina

Small ex Britton & Rose), In = 26, is distinguished by leaflets with

conspicuously raised reticulate veins on the lower surface, bracts generally

longer than the flower buds, a long peduncle, and a short, oblong fruit

that is very prickly and rounded at the apex. It occurs in pine or oak

woods and in disturbed areas, usually in sandy soils. Flowering is mostly

from March through June.

The most widespread species, Schrankia Nuttallii (Britton & Rose)

Standley {Leptoglottis Nuttallii DC. ex Britton & Rose; S. uncinata sen-

su many authors, not Willd.), In = 26, is characterized by leaflets that

are strongly reticulate beneath, bracts shorter than the flower buds,

peduncles usually shorter than in 5. hystricina, and an oblong-linear fruit

that is densely prickly and tapers at the apex. Isely restricts the range

of 5. Nuttallii to an area from South Dakota to Texas and Louisiana, but

Fernald (Gray's Man. Bot. ed. 8) included Alabama and North Caro-

lina. Wilbur (1963) maintains that the Carolinian specimens are 5. micro-

phylla, an acceptable decision. Although Isely maintains this species as

distinct from S. uncinata Willd., others (e.g., Turner and Gleason &
Cronquist) have reduced S. Nuttallii to its synonymy.

Closely related to the two preceding species, Schrankia uncinata

Willd. (5. floridana Chapman) is restricted to an area from southernmost
Georgia to central peninsular Florida. It is separated by Isely from the

other two species by its leaflets, which are hardly or not at all cuspidate.

The fruits are linear-oblong and are very similar to those of S. Nuttallii.

although they appear to be less prickly. Schrankia uncinata also has

conspicuously veined leaflets. This species is found in disturbed habitats,

pine or scrub woods, especially in sandy soils. It is a poorly known plant,

and, until more is known about its biology, its taxonomic status will re-

The fourth species in our range, Schrankia microphytta (Solander ex

Sm.) Macbride 4 {Mimosa microphylla Solander ex Sm.; S. angustata Tor-
rey & Gray; Morongia angustata (Torrey & Gray) Britton; M. micro-
phylla (Solander ex Sm.) Britton ex Britton & Brown; Leptoglottis micro-
phylla (Solander ex Sm.) Britton & Rose; L. angustisiliqua Britton &
Rose; 5. angustisiliqua (Britton & Rose) Hermann), In = 16, lacks the

conspicuous leaflet venation and usually has 6-8 pairs of pinnae per

leaf. This species has an oblong-linear fruit that is usually very prickly
and tapering at the apex. It occurs mainly on the Coastal Plain from
southern Virginia to Florida, west to eastern Louisiana and eastern Texas.

Isely concluded that Schrankia microphylla includes two variants, al-

4
Isely (1971) cited this name as S. microphylla (Dryander) Macbride, but Brit-

ten's arguments (Jour. Bot. 48: 89, 90. 1920) for citing it as above appear to be cor-
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though he did not give them a taxonomic rank. One, consisting of popu-
lations throughout the entire range, has shorter fruits that are very
prickly and with little or no beak. The second, found only in Florida, is

characterized by having four or five pairs of pinnae, smaller leaflets and
flower heads, and a linear fruit that is slightly or moderately prickly.

The two variant phenotypes intergrade with each other and with the

more characteristic ones to form a variable species, the intra- and inter-

specific limits of which are questionable.

Schrankia is closely related to and probably derived from Mimosa. The
distinguishing characters are found in the shape of the fruits, and their

dehiscence, the shape of the seeds, and the abundance of prickles over

most of the plant. The monotypic Schrankiastrum Hassler, of Paraguay,

is closely allied to both genera and possibly has evolved from some of

the highly variable and diverse species of Mimosa.
Palynologically Schrankia is very similar to Mimosa. In both genera

the pollen is shed in rhomboidal tetrads. In Schrankia the tetrads are ap-

proximately 30 fxm. in diameter, while in Mimosa they range from about

6 to 27 fim. The larger-sized tetrads of Schrankia suggest that it is slight-

ly more specialized than Mimosa. The individual pollen grains in Schrankia

are 4-6-porate. The tetrads of the South American Schrankiastrum in-

signe Hassler are approximately 25 /mi. in diameter and are almost identical

to those found in Schrankia and Mimosa.
The base chromosome number of Schrankia cannot be accurately de-

termined at this time because of the differences in reported numbers.

Three species were reported by Turner & Fearing (1960) to have In =
26, while 5. latidens (Small) Schum. had In = 22. Turner & Beaman

(1953) reported 2n = 24 for S. occidentalis. It is not known whether

these two instances represent descending aneuploidy. Only 5. leptocarpa

DC, of South America, has been reported to be tetraploid, 2n = 52. An
early report of 2n = 16 for S. angustata (= S. microphylla) should be

verified. This highly variable assemblage of poorly separated species might

be understood better through a thorough cytotaxonomic study.

Data concerning the floral biology and breeding systems are very

scanty. Insect pollination is suspected, but self pollination may also occur.

Apparently all of the species are sensitive to touch.

Like many of the other genera, Schrankia is of no economic impor-

tance. The seeds are eaten by small wildlife, especially quail. The leaves

are occasionally eaten, but the numerous prickles appear to be an effective

deterrent.

Under subfamily references see Atchison, 1950; Berger, Witkus & Mc-

Iahon; Graham; Guignard; Guinet; Hutchinson; Isely, 1957; Mahler.

. 70; Rickett; Sorsa; Turner, pp. 43-47.

!eard, L. S. A taxonomic study of Mimosa quadrii ihis L. (Schrankia Willd.

nom. cons.). Unpublished thesis, Univ. North Carolina. 1963.*
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Bell, E. A., & P. B. Nunn. Occurrence of diaminopropionic acid and derivatives

in the genus Schrankia. Phytochemistry 9: 924. 1970.

Bibb, L. B. Summation of dissimilar stimuli applied to leaflets of sensitive

brier {Schrankia). Jour. Gen. Physiol. 3: 523-526. 1921.*

Britten, J. Schrankia microphylla. Jour. Bot. 58: 89, 90. 1920.

Britton, N. L, & J. N. Rose. Leptoglottis. N. Am. Fl. 23: 138-144. 1928.

I ruim-Leliveld, J. A. Observations cytologiques sur quelques Legumineuses
tropicales et subtropicales. Revue Cytol. Biol. Veg. 18: 273-287. 195 7.*

[Includes Schrankia leptocarpa, In - 52.]

Hermann, F. J. Notes on North American Leguminosae. Jour. Wash. Acad.
Sci. 38: 236-238. 1948. [Includes Schrankia angustisiliqua and S. Chap-

4. Desmanthus Willdenow, Linn. Sp. PI. ed. 4. 4: 1044. 1806, nom. cons.

_

Perennial herbs [subshrubs to small trees] of generally dry and often
disturbed habitats; branches prostrate to erect, often angulate and striate,

glabrous to pubescent, becoming woody, especially at the base, with a
large tap root. Leaves with 1 to 15 pairs of pinnae, a nectary usually
present between the insertion of the lowest pair of pinnae [rarely with
one or more sessile nectaries between the insertion of the upper pairs of
pinnae], the rachis angled, glabrous to pubescent, with a setaceous tip;

rachis of pinnae narrowly winged, apiculate, the leaflets [4-8] 10-30
pairs per pinna, narrowly linear to oblong, obtuse to acute at the apex,
mucronulate, asymmetrical, often ciliolate, glabrous to pubescent, lack-
ing stipels; stipules usually persistent, filiform, setaceous [rarely auricu-
late]. Inflorescences congested, ovoid to ellipsoid pedunculate spikes, the
peduncles solitary and axillary, bracteate. Flowers 5-merous, largely per-
fect, but the lower flowers of the spike staminate or neutral, or apetalous
and with staminodia. Calyx campanulate, with short acute lobes, light
green to white. Corolla valvate in aestivation, the petals distinct or con-
nate only at the base, white. Stamens 10 or 5, free, usually exserted; fila-

ments inserted near base of ovary, filiform; anthers bilocular, subdorsi-
fixed, eglandular; pollen shed as 3-colporate or 3-colporoidate single
grains. Stigma concave, terminal; style filiform, exceeding the stamens;
ovary sessile to subsessile, the ovules numerous. Fruit piano-compressed
to subterete, generally linear to oblong, straight to falcate, bivalved, mar-
ginally dehiscent, continuous within or subseptate between the seeds. Seeds
oriented obliquely to lengthwise in the fruit, ovate to ellipsoid, slightly
compressed; embryo inclosed by a horny endosperm; radicle slightly ex-
serted. Base chromosome number 14. (Acuan Medicus, 1786, nom. rejic;
Darhngtonia DC; Acuania Kuntze). Lectotype species: D. vtrgatus

M. {Mimosa virgata L.); Britton & Brown, ed. 2. 2: 331. 1913;
ICBN 314. 1972. (Name from Greek desme, a bundle, and anthos,
flower.)
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A small genus of approximately 30 species occurring primarily in trop-

ical and subtropical regions of the New World, a few species largely

temperate in distribution. Some 16 species occur in Mexico (Turner,

1950), while nine are reported from Texas (Correll & Johnston). Isely

recognized nine species in the United States, three of them in our area.

The herbaceous or suffrutescent Desmanthus iUinoensis (Michx.) Mac-
millan ex Robinson & Fern. (D. brachylobus (Willd.) Bentham), In =
28, grows in ditches, field margins and open low ground from North
Dakota and Minnesota, south to New Mexico and Texas, east to Ohio,

and southward to Florida. Its distinguishing characters are the five sta-

mens and the broadly oblong, falcate, and relatively short fruits (ca. 2-5

times as long as broad). The white flowers are first produced from early

May to early June, and the plant continues to flower into the summer
months. Individual flowers apparently are very short-lived, and the

anthers fall within a few hours after the flowers open (Latting). Fatting

suspects that cross pollination may occur but that selfing is more likely.

The legumes, like those of many other genera,, are often infested by bruchid

beetles. Seeds that are not destroyed by beetles are capable of germinat-

ing soon after maturity with no dormancy period required. As in other

legumes, the leaves close at night but are not noticeably sensitive to touch.

The more western Desmanthus Icptolobus Torrey & Gray (Acuan lepto-

lobum (Torrey & Gray) Kuntze), In = 28, is reported to occur in our

range in Arkansas (Correll & Johnston), its main distribution being from

central and southwestern Kansas and southwestern Missouri, south to

south-central Texas. Steyermark notes collections from central and east-

ern Missouri as introductions. Beyond its five stamens per flower, D.

leptolobus is characterized by few-flowered inflorescences, legumes 5 to 10

times as long as broad and constricted between the seeds, and seeds posi-

tioned lengthwise in the fruit. It has adapted to disturbed habitats, such

as roadsides and vacant sites, and these may have allowed migration into

Missouri and Arkansas. It is also found on calcareous soils, prairies, and

sandy or rocky areas.

Our third species, Desmanthus virgatus (L.) Willd., In = 28, is wide-

spread in the tropical and subtropical portions of the New World and

is naturalized in tropical Asia. It extends into the United States in

southern Florida (via the West Indies) and into Texas and Arizona (via

Mexico). Its diagnostic features are few-flowered inflorescences, flowers

with ten stamens, fruits not constricted between the seeds, seeds oriented

obliquely in the fruit, and leaves with relatively few pinnae and with well-

developed stipules. Isely recognizes four varieties in the United States.

Two occur in Florida: var. virgatus {Acuan texanum Britton & Rose, A.

Tracyi Britton & Rose), from the Florida Keys and possibly from Tampa,

and the more common var. depressus (Willd.) Turner, of southern penin-

sular Florida and the Keys. According to Isely, var. virgatus is an erect

or ascending plant in Florida, while var. depressus is prostrate or low (in

Texas var. depressus may also be erect.) The other varieties of the United
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States are var. glandulosus Turner, of western Texas and adjacent Mexico,

and var. acuminatus (Benth.) Isely (D. acuminatus Benth.), of eastern

Texas. The distinctions between the subspecific taxa of D. virgatus are

at best tenuous and will remain so until a careful biosystematic study of

this variable species is made throughout its range.

The strongest relationship of Desmanthus is with Neptunia. Support-

ing morphological evidence was given by Windier in his revision of

Neptunia and this was re-emphasized by Isely. Although Hutchinson

places Desmanthus in the tribe Mimoseae and Neptunia in the tribe

Adenanthereae (solely on the presence or absence of glandular anthers)

the great similarity of the inflorescences, flowers, fruits, and seeds over-

whelmingly supports the placement of these two closely related genera

in the same tribe. Additional evidence for their relationship is seen in

their pollen, which in both is shed as single grains that are basically 3-

colporate, subspheroidal, and medium to large in size. The pollen of

Neptunia is generally larger than that of Desmanthus, has better de-

veloped colpi and orae and is occasionally syncolpate or 4-colporate,

characters that suggest that Desmanthus is perhaps less specialized than

Neptunia, This interpretation would be further supported by the more

specialized inflorescences found in some species of Neptunia. Turner &
Beaman concluded that Desmanthus is more closely related to genera

of the Adenanthereae, especially Dichrostachys, than to members of the

Mimoseae.

Somatic polyploidy has been observed in five species of Desmanthus
(Turner & Beaman). In all cases the tetraploid cells, In = 56, occurred

in the cortical regions of the root tip, while in the undifferentiated apical

portion of the root tip only diploid cells, In = 28, were present. Accord-

ing to Bolkhovskikh et al. (1969) all six species for which chromosome

counts have been reported have 2n = 28. Most genera of mimosoid le-

gumes have a base chromosome number of 13, but both Desmanthus and

Xi ptunia have the base number of 14, perhaps a further indication of

their close relationship.

Little is known of the biology of the species of Desmanthus, except for

the study of Latting, who investigated various autecological and biological

aspects of D. illinoensis. Further studies of this kind are needed for a

better understanding of evolutionary relationships within the mimosoid

The genus is of virtually no economic importance. Graham cited Des-

manthus Cooleyi (Eaton) Trel. as an erosion-control plant because of its

ability to grow on bare areas such as road cuts. The leaves have some
forage value, and the seeds have been found in the crops of several

species of quail. Desmat was cited similarly.

nbryology of Prosopis spicigera
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Linn, and Desmanthus vir^atus Willd. (Abstr.) Proc. Indian Sri Consir

40(1953): 103. 1954.

Isely, D. Legumes of the United States. II. Desmanthus and Neptunia. Iowa
State Jour. Sci. 44: 495-511. 1970.

Latting, L. The biology of Desmanthus illinoensis. Ecology 42: 487-493. 1961.
Rudd, V. E. Another Mexican Desmanthus:- Leafl. West Hot. 10: 243. 244.

1966. [D. nervosus (Britton & Rose) Rudd, comb, nov.]

Turner, B. L. Vegetative key to Texas Desmanthus I Leguminosae) and similar

genera. Field Lab. 18: 51-54. 1950a.

. Texas species of Desmanthus (Leguminosae). Ibid. 54-65. 1950b.

(Nine species recognized.]

. Mexican species of Desmanthus (Leguminosae). Ibid. 119-129. 1950c.

[16 species, including 6 new taxa.]

& J. H. Beaman. Chromosome complements in Desmanthus (Legu-

minosae). Field Lab. 21: 47-50. 1953.

5. Neptunia Loureiro, Fl. Cochinch. 2: 653. 1790.

Perennial herbs of various habitats [including aquatic], generally with

a large tap root, the stems generally prostrate- [to ascending], sometimes

woody near the base, terete, angulate when young, unbranched to vari-

ously branched, glabrous to variously pubescent. Leaves stipulate, with

(2-) 3-6 (-11) pairs of pinnae, petiolar nectaries absent [or 1 or 2 present,

sometimes borne at the insertions of the lowest pair of pinnae] the rachis

angled, glabrous to pubescent, lacking nectaries [or with small nectaries

present between the insertion of each pair of pinnae], the rachis apicu-

lately tipped; rachis of the pinnae distinctly winged, apiculate at tip, the

leaflets [6-] 8-43 pairs per pinna, oblong, obtuse to broadly acute at

the apex, asymmetrical, often ciliolate, glabrous to pubescent; stipules

paired, lanceolate to lanceolate-acuminate, obliquely cordate at the base,

usually membranaceous, persistent [to deciduous] ; stipels [present or] ab-

sent. Inflorescences pedunculate congested spikes borne singly or in pairs

in leaf axils, usually bracteate, the bracts paired [rarely absent]. Upper
flowers perfect; calyx campanulate, 5-merous, sessile, green, rarely yel-

low; corolla 5-merous, green or yellow; stamens 5 or 10, free, the filaments

filiform, attached near the base of the corolla tube, exserted, the anthers

bilocular, basifixed, usually terminated by a small stipitate gland, yellow;

pollen shed as 3(4)-colporate or occasionally syncolpate monads; stigma

concave, terminal, the style filiform, usually exceeding the stamens, the

ovary stipitate, ovules many, anatropous. Lower flowers of the spike

staminate, calyx campanulate, 5-merous, sessile; corolla 5-merous, yellow;

stamens 5 or 10. fertile and like those of the perfect flowers or some or

all of them becoming sterile and petaloid; gynoecium lacking. Fruit a

legume, piano-compressed, usually oblong, marginally dehiscent by two

valves, subseptate between the seeds [or rarely 1 -seeded] ; seeds trans-

verse, ovate, compressed, funiculus filiform. Base chromosome number

14. {Hemidesmas Raf.) Type species: N. oleracea Lour. (Name Latin.

Neptunia, of or belonging to Xeptune. god of the sea and other waters,

because of the aquatic habit of the type species.)
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Figure 3. Neptunia. a-1, N. pubescens: a, habit, showii

escence, X 1/2; b, inflorescence with perfect flowers at apex, neutral flowers

nth filaments modified as staminodia below, and staminate flowers in between,

< 3; c, perfect flower 6; d, staminate flower, X 6; e, neutral flower, show-

rig conspicuous staminodia. / 6; f. anther with apical gland, X 15; g, ovary,

< 15; h, ovary fa longitudinal section, showing the two-

anked ovules, from below, X 15; i, upper part of style showing concave stig-

na, X 15; j, seed, lateral view showing pleurogram, X 8; k, seed in semidia-

prammatic longitudinal section showing embryo and endosperm (stippled), X
\\ 1, leaflet, X 8.

A small genus of 1 1 perennial species of tropical to subtropical regions

with some penetration into mild temperate areas. Members of the genus

are distributed from the southern United States, to Central America, the

West Indies, and South America, and in the Old World representatives

can be found in tropical Africa, India, southeastern Asia, and most of

northern and northeastern Australia. Neptunia lutea (Leavenw.) Ben-

tham and N. pubescens Bentham, occur in the southeastern United States.
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A third species, X. plena (L.) Bentham, of coastal areas of Mexico, the

West Indies, Central America, northern South America, and tropical Asia.

extends into the United States in Texas.

Section Neptunia, characterized by flowers with 10 stamens, occurs

in both hemispheres. This section contains six species including the two

in our range. The prostrate Xeptunia Intra (X. tenuis Bentham. X. Intra

var. multipinnatifida Turner), In = 28, occurs largely in the eastern

halves of Texas and Oklahoma but also extends eastward into Louisiana,

Arkansas, southern Mississippi, and Alabama. It appears to be most

frequent in fields, prairies, and roadsides. This species is distinguished

from X. pubeseens by the lack of staminodia in the lower flower* of the

spike and by the 30- to 60-flowered spike that is cylindrical in bud. tin-

stipules up to 4 mm. long, the fruiting stipe longer than 5 mm., and the

white-ciliolate ovary. Although staminodia are lacking, the lower flowers

of a spike are functionally staminate. Xeptunia lutea is the only species

of the genus that is endemic to the United States.

The more widespread Xeptunia pubeseens Benth., In = 28, has stamino-

dia present in the lower flowers of a spike, usually fewer than 30 flowers

per spike, the spike ellipsoid in bud, the stipules 4-10 mm. long, the

fruiting stipe less than 5 mm. long, and the ovary usually glabrous. Varie-

tas pubeseens (X . floridana Small. .V. Lindheimeri Robinson. A\ pubes-

eens var. floridana (Small) Turner. N. pubeseens var. Lindheimeri (Rob-

inson) Turner), with the fruiting stipe longer than the calyx, the legume

tapering toward the stipe and with 3-6 pairs of pinnae per leaf, occurs

along the coastal area of the Gulf of Mexico from southern Florida to

Mexico and the coastal regions of Central America, in the West Indies,

and southward in South America to Argentina. In var. microcarpa (Rose)

Windier (X. microcarpa Rose, A7
. Potmen Britton & Rore) the fruiting

stipe is shorter than the persistent calyx, the legume usually is rounded

toward the stipe, and the leaves have 2 or 3 pairs of pinnae. This variety

occurs more inland on dry, calcareous soils from southern Texas into

Mexico (Coahuila, Nuevo Leon, Jalisco).

Two species of sect. Neptunia, X. acmadformis (Span.) Miquel and

X. triquetra (Vahl) Bentham, In = 36, are indigenous to southeastern

Asia and India, respectively. The other species of this section. A
.
plena

(L ) Bentham In - 78, and X. oleracea Lour. (X. prostrata (Lam.)

Baillon) 2n = 56, occur in both hemispheres. An aquatic rarity in the

Leguminosae. X. oleracea typically has swollen floating stems buoyed by

internodal aerenchvma. which Metcalfe (1931) considers homologous

with cork, since the aerenchvma cells arise from a phellogen in the same

manner as cork cells. The plants, growing in shallow water or near the

edcres of water, are anchored bv a thick tap root, and adventitious roots

are produced at the nodes. It seems possible that the aerenchvma may

provide aeration for the roots, in addition to being the flotation tissue.

The inflorescences fruits, and most of the leaves extend above the surface

of the water. Xeptunia plena is either terrestrial or aquatic; when aquatic

the stems develop aerenchyma, and such plants may be mistaken for
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N. oleracea (cf. Fassett). The leaves of at least N. lutea, N. pubescens,
N. plena, and N. oleracea are sensitive to touch.

Section Pentanthera Windier is composed of five species that have
flowers with only five (rarely three) stamens. Fruit size and seed number
per fruit are also reduced. Except for two collections from the Philippines,
all five are restricted to Australia. In N. monosperma F. Mueller and
N. dimorphantha Domin the legumes have only one seed (or rarely two).
Although these two species are diploids, In = 28, N. gracilis, Bentham,
also of this section, is reported to be tetraploid, In = 56.

Observations on four species of Neptunia show the plants to be
self compatible and capable of producing viable seed (Windier). The
inflorescences may be nodding, a position that would promote self
pollination. Although specific pollinators have not been identified, vari-
ous flower-visiting insects are suspected. It is not known whether any
of the species hybridize or are capable of doing so. In spite of some
questionable and conflicting reports, the base chromosome number of
the genus appears to be 14, and one or perhaps two polyploid series are
present.

Hutchinson's placement of Neptunia in the triLe Adenanthereae solely
on the basis of stipitate glands on the anthers can hardly be correct,
since in at least Y. acinaciformis and N. oleracea the glands are lacking.
Field observations to determine whether glands are initially present but
are deciduous are obviously desirable. The true affinities of Neptunia
appear to be with the tribe Mimoseae and Desmanthus, the principal dif-
ference between the two genera being the orientation of the seeds within
the fruit.

nily references see Berger, Witkus & McMahon; Bolkhov-
}. 311; Brenan; Frahm-Leliveld, 1953- Graham- Guinet-
»p. 291, 292; Rickett; Sorsa.
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von Managetta, G. fjber die Entwickelung und den Bau der Schwim-
norgane von Neptunia oleracea Lour. Bot. Jahrb. ll(Lit-ber.): 78 1890.

° ^J^logical studies in the Leguminosae. IV. A con-
Neptunia triquetra Benth. Proc. Indian

--. Embryological studies in the Leguminosae. VII. Endosperm and embryo
development m Neptunia triquetra Benth. and Prosopis spicier,, Linn.
Jour. Indian Bot. Soc. 33: 247-253. 1954

Fassett N. C A deceiving aquatic Neptunia (Leguminosae) in Central Ameri-
ca, siaa l: 382, 383. 1964. [N. plena (L.) Bentham forma lumbricoides,
i. nov., aquatic form that simulates N. oleracea.]

Geitler, L. Zur Morphologie der Infloreszenzen und Bliiten von Neptunia
oleracea. Ber. Deutsch. Bot. Ges. 45: 36-39 1927
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Tribe Acacieae Endlicher 5

6. Acacia Miller, Gard. Diet. Abridged Ed. 4. 1: ord. alph. 1754.

Trees or shrubs [sometimes climbers] of various habitats; sapwood

generally light in color, distinct or merging with the hard, durable, brown-

ish heartwood, often irregularly grained; branches unarmed or armed

with spinescent stipules or infrastipular spines. Leaves often appearing

fascicled on short shoots, bipinnate [or modified to phyllodes], persis-

tent or deciduous, 'petiolate, a nectary usually present on the adaxial side

of petiole and/or often present on the rachis at the insertion of the pin-

nae, each pinna with one to many pairs of usually small, opposite leaf-

lets; stipules small and caducous to large, persistent spines. Inflorescences

pedunculate globose heads, pseudoumbels, cylindric spikes, or racemes,

solitary and axillary or fasciculate on short leafless shoots and thus ap-

pearing paniculate. Flowers largely perfect, the lower flowers of an inflo-

be superfluous and ilk-inmate. In 1S34, Wight & Arnott used Acacieae for the name

of a subtribe (Prodr. Fl. Penin. Indiae Orient. 1: 267. 1834) that included Mimosa

L., and Endlicher also recognized this subtribe in his Genera Plantarum (p. 1324)

and illegitimate. Bentham (London Jour. Bot. 1: 318. 1842) apparently was

first to use Acacieae to include only Acacia, and it has mostly been used in that s

to the present. There does not seem to be another tribal name based on any oi

this name as a legitimate one. — C. E. Wood, Jr.
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4.

rescence occasionally staminate, (4-)S-6(-7)-merous, sessile to pedicel-
late; subtending bract small, spathulate to linear and of Len dilated and
peltate at apex, generally caducous. Calyx usually campanulate, with
short lobes. Corolla typically funnel shaped, with as many lobes as the
calyx, these more or less united [rarely absent]. St: mens usually more
than 50, fertile, exserted, free or slightly and irregularly united at base,
inserted under or just above base of ovary; filaments filiform; anthers
small, eglandular or glandular at apex in some species, dorsifixed, versa-
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tile; pollen usually shed in 16- (or less frequently 12-) grained polyads.

Stigma minute, terminal; style slender, filiform, exceeding the stamens;

ovary elongate, sessile to stipitate, glabrous to puberulous, 1 -Jocular, the

ovules numerous. Fruit very variable, compressed, Hat, or sometimes
cylindric, continuous or moniliform, straight, curved [spiral or contorted],

membranaceous to woody, dehiscent or sometimes indehiscent; seeds

oriented transversely or longitudinally. Seed generally piano-compressed,

usually ovate in outline, without endosperm, with an oval pieurogram on

each face; funiculus filiform to thick, variously folded, often surrounding

the seed and forming an aril; embryo with flat, oval cotyledons, the radicle

straight, included or slightly exserted. Base chromosome number 13.

{Vachellia Wight & Arm, Poponax Raf., Senegalia Raf., Tauroccras Brit-

ton & Rose, Bahamia Britton & Rose, Feracacia Britton & Leon, Lucaya
Britton & Rose, Fishlockia Britton & Rose, Myrmccodcndron Britton &
Rose, Acaciopsis Britton & Rose; see Hutchinson, 1964, p. 280. for a

more complete synonymy.) Lectotype species: Acacia vera [Bauhin]

Miller, 1754, nom. invalid. = Mimosa nilotica L.. Acacia nilotica (L.)

Delile; see Britton, N. Am. Trees 522. 1908, and Isely, 1969. (Name
from Greek, akakia [in turn from akis, thorn], an Egyptian tree sup-

posedly belonging to this genus.)

The largest genus of the Mimosoideae, with perhaps 700 species very

widely distributed in tropical and subtropical regions of the world. Par-

ticularly abundant in Australia, the genus also occurs in Africa, south-

eastern Asia, the Pacific islands, Mexico, South and Central America,

the West Indies, and the southern United States. Isely included 15 species

in his treatment of the genus in the continental United States, with the

largest number of species occurring in Texas. Five or six indigenous

species occur in the southeastern United States (all but one in southern

Florida), and one or two appear to have escaped from cultivation in

Florida.

Bentham (1865) divided Acacia into six series based mainly on geo-

graphical distribution and on characters of the leaves and the type of

inflorescence and its placement. He was unable to use floral or fruiting

characters to support these groupings. This classification was adopted

by Taubert (1894), and various modifications of the scheme have been

used for regional treatments of the genus. The narrow generic concepts

used by Britton & Rose (1928) and the resulting segregate genera are

highly questionable, the amount of variation found within a single species

often being greater than that between the genera established by them.

Accordingly, Acacia is maintained here in the broad sense.

Of the species of Acacia in the southeastern United States, only A. an-

gustissima (Miller) Kuntze, In = 26, lacks the glands on petiole or

rachis and the stipular spines that are so often associated with the genus.

The white to pinkish or yellowish pedicellate flowers are borne in globose

heads from summer to fall. The great infraspecific variation in A. an-

gustissima has led to a variety of t
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cent of which seven varieties, six of which are represented in the United

States, are recognized (Isely). Our representative is var. hirta (Nutt.

ex Torrey & Gray) Robinson (Acaciella hirta (Nutt. ex Torrey & Gray)

Britton & Rose), which is an herbaceous to barely suffrutescent plant

of prairies, roadsides, open woods, bluffs, and outcrops of shale or lime-

stone from Louisiana and eastern Texas to southern Kansas and Missouri

and northern Arkansas. The populations of peninsular Florida apparently

are disjunct by several hundred miles. In Isely's circumscription, var.

hirta intergrades with var. texensis (Torrey & Gray) Isely in western

Texas. Other variants occur westward to New Mexico and Arizona and

southward to Central America. Further study of this complex appears

to be needed, since many of the varietal characters seem to be associated

with various edaphic factors.

The highly variable Acacia jarnesiana (L.) Willd. {Vachellia jarnesiana

(L.) Wight & Arm, 2» = 52, 104, is perhaps the most common and wide-

ly distributed species of the genus in the New World. In our range it is

primarily a plant of pinelands, hammocks, and disturbed areas, but it

extends northward to Tampa and, as an introduction, into southern Georgia

(cf. Isely). Beyond the Southeast, it occurs from the West Indies, Mexico,

and Central America to South America. Ic is also found in the Old
World, where some occurrences are introductions, while others may pos-

sibly be indigenous. The plant is a shrub or a small, spreading tree with

generally conspicuous stipular spines, leaves with 4 or 5 pairs of pinnae,

leaflets 4-5 (-6) mm. long with prominent reticulate venation beneath,

and terete obtuse to acute-tipped fruit with the two lateral sutures form-

ing low ridges. The seeds are usually heavily preyed upon by bruchid

weevils. There is considerable variation in the development of the stipu-

lar spines. The plant is frequently cultivated for its fragrant, bright

yellow flowers.

A second species of this complex, Acacia Smallii Isely {Vachellia densi-

flora Alexander ex Small) occurs from the western panhandle of Florida

to western Texas and sporadically to California and Mexico (fide Isely).

A shrub or small tree of scrub areas, roadsides, grasslands, and various

disturbed habitats, this plant is characterized by leaflets that are hardly

reticulate beneath, by short, stout fruit, and by peduncles that are only
1-1.5 cm. long (vs. 2-3 cm. in A. jarnesiana).

Restricted to southern peninsular Florida and the Keys in our area

but perhaps extending into the West Indies, Acacia pinetorum Hermann
{Vachellia peninsularis Small, V. insularis Small) is a shrub or small tree

found in clearings, coastal scrub vegetation, or pinelands. It is closely

related to A. jarnesiana but can be distinguished by the smaller leaflets

that have very obscure or absent lateral veins and by the sharply tapering
or beaked fruits that lack protruding sutures. The two species may occur
together (e.g., on Big Pine Key, Monroe County), and under these

conditions are usually easily distinguished. Some herbarium specimens
are difficult to place, however, and further study of the variation in the

whole A. jarnesiana complex is desirable.
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The South American Acacia macracantha Humb. & Bonpl. ex Willd..

In = 26, extends into the West Indies and Mexico and has only recently

been reported from Florida. A population on Ramrod Key may possibly
be indigenous, but the single tree on Key Vaca (also in Monroe County",
which is persistent after cultivation, does not appear to be reproducing.
A population on Terra Ceia Island, Manatje County, is spreading from
a single old tree that presumably was planted there. This species is dis-

tinguished by leaves with 14-20 pairs of pinnae and large, sword-shaped
flat stipular spines, by the presence of nectaries between the terminal pair

or pairs of pinnae, and by the laterally compressed fruits. (Cf. Ward,
1967, 1968.)

Acacia tortuosa (L.) Willd., In = 26, also discovered recently in

Florida, is reported from two localities, both on shell mounds in Collier

County (Ward, 1968). As delimited by Isely, this species is West Indian;

specimens from Mexico and Texas that have been referred to it are con-

sidered by Isely to be A. Schafineri (Watson) Hermann. A small tree

with a flat crown, A. tortuosa has leaves with. 4-8 pairs of pinnae, an in-

conspicuous nectary present on the rachis between the uppermost pinnae
pair, and nearly terete fruits 8-10 cm. long with more or less conspicuous

constrictions between the seeds. Acacia choriophylla Bentham (Lucaya
choriophylla (Bentham) Britton & Rose), a plant of the Bahamas and
eastern Cuba, has been found wild on Key Largo, Monroe County (cf.

Alexander, 1969). This plant is a small, unarmed tree with leaves with

minute stipules, 1-3 pairs of pinnae, a nectar gland on the rachis between
the two uppermost pinnae pairs, and compressed, oblong, tardily dehiscent

legumes.

Ward (1972) has also recorded Acacia sphaerocephala Schlecht. & Cham,
as sparingly escaped from cultivation in southern Florida. This is one
of a Central American group of three to five species of bull-horn or swollen-

thorn acacias that includes A . cornigera L. Acacias of this group produce

leaves the year around and have long-persistent, enlarged, woody stipules

with a soft pith, much-enlarged foliar nectaries, and leaflet-, pinna-, and

rachis-tips constricted and modified into Beltian bodies. In their native

areas, the stipular spines of these plants usually are inhabited by biting

and stinging ants of the genus Pseudomyrmex that enter the spine by a

hole cut near the tip and hollow out the pith. The ants, which live almost

entirely on foliar nectar and on the Beltian bodies (a source of protein),

attack any other insects on the plant and usually drive them off. They also

attack any living plants that touch the foliage of the Acacia or that grow

below it in an area 10-150 cm. in diameter, so that the acacia grows in

a space free from other plants (Janzen).

Approximately 10 per cent of the species of Acacia have been investi-

gated cytologically, and several levels of polyploidy have been found.

Most of the species for which chromosome numbers have been reported

have In = 26, but there are several with In = 52 and 2« = 104. Shar-

ma & Bhattacharyya investigated the structure and behavior of chromo-
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somes in some species and suggested that polyploidy originated by allo-

polyploidy.

The inflorescences of Acacia are either globose or cylindrical, and the

flowers are of varying shades of yellow to orange, rarely white, cream, or

pinkish. Although the flowers of a single inflorescence are largely syn-
chronous in anthesis, the inflorescences of a compound floral branch are
not. The lowermost inflorescence will flower first, followed centrifugally

by succeeding inflorescences. The flowers are often very fragrant, and
pollination is mainly by insects. The floral and reproductive biology are
very poorly known.

The pollen is generally shed in 16-grained polyads, although pollen in

units of 32, 12, 8, or 4 grains is also known in the genus. The polyads are
usually radially symmetrical, flattened, and are mostly 40-50 fxm. across,

although there are occasional species with polyads 90 fan. in diameter
and others with polyads as small as 30. Guinet has proposed that Acacia,
sensu lato, be divided into three large genera based on the number of
pores, presence or absence and nature of the individual pollen grain fur-

rows, and the presence or absence of stipular spines. The pores of the
individual grains are paraisopolar and may be indistinct. The shape of
the grains is variable, but most are pyramidal or cuboidal. In a compari-
son of 28 South African species with 31 from Australia, Coetzee found
that the two groups could easily be separated on the basis of furrow
configuration in the exine of the polyads. Within the South African group,
the pollen fell into two categories that were somewhat correlated with
the type of inflorescence (capitate vs. spicate or racemose).
Many species of Acacia are cultivated in the United States in green-

houses or in the Southwestern States (including California) and in
southern Florida. The majority of the species in cultivation have been
introduced from Australia and have leaves that are reduced to phyllodes
in the mature plant; compound leaves are produced immediately after
the cotyledons in seedlings. One of the most commonly cultivated species
is A. auriculijormis Cunn., which in southern Florida shows signs of es-
caping to pine-palmetto woodland.

Species beyond our range are the source of valuable gums, tannins,
and dyes. The wood is used locally for firewood and for fence posts. The

.1. melanoxylon R. Br. is used in California as an erosion-
control plant on slopes. Various species have been used for hedges and
shelterbelts. They provide cover for small wildlife, and the fruits are highly
sought after by animals. Deer, horses, and cattle are known to browse
on the foliage, bark, and fruit.

Under subfamily references see Bentham & Hooker, 1865; Berc
:us & McMahon; Blagoveschexskii & Aleksandrova- Bolkhov
/.; Brenan; Compton; Frahm-Leliveld, 1960; Graham; Guigv*
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Tribe Ingeae Bentham & Hooker

7. Lysiloma Bentham, London Jour. Bot. 3: 82. 1844.

Shrubs or more often trees of moderate to large size, the bark smooth

but separating in plate-like scales on older trees, the wood heavy, hard.

strong, and close-grained; branches stout, spreading, forming a rounded

or flat-topped tree; lenticels numerous, conspicuous. Leaves deciduous

[to persistent
| . pinnae 1 to man}' pairs, with numerous small leaflets

or rarely with few large leaflets, petiolate, a petiolar nectary present just

below the lowest pair of pinnae; stipules usually large, foliaceous, de-

ciduous to subpersistent. Inflorescences of pedunculate, many-flowered,

globose heads [or cylindrical spikes], solitary or fascicled, usually axillary

or terminal. Flowers largely perfect, 5-merous, white, the lower flowers

of the inflorescence occasionally staminate, usually sessile. Calyx cam-

panulate [to tubular], the lobes short, equal [to unequal], usually more

pubescent than the tube, valvate in aestivation. Corolla tube exceeding

the calyx, the lobes approximately 1/4 to 1/3. the length of the tube,

ovate, acute at the apex, usually densely pubescent, valvate in aestivation.

Stamens generally 12 to 30, united at the base, inserted near the base of

the ovary, exserted; filaments filiform; anthers minute, oblong, glabrous,

eglandular, peltate; pollen shed in radially symmetric, flattened 16-grained

polyads. Stigma terminal, minute, invaginated and concave, style filiform,

ovary sessile to short stipitate. ovules numerous. Legume usually 8-12-

seeded. straight or slightly falcate, often broad, piano-compressed, oblong,

chartaceous, the valves separating at maturity from the persistent margins,

continuous within, the exocarp thin, chartaceous, dark colored, separating

from the endocarp, the endocarp usually thicker, yellowish. Seeds orient-

ed transversely, piano-compressed, ovate, hard, lustrous, with a small

U-shaped pleurogram on each side; funiculus long, slender hilum sub-

basal; endosperm absent; embryo with flat, oval cotyledons; radicle

straight, slightly exserted. Base chromosome number 13. Lectotype

species: L. bahamense Bentham; see Britton N. Am. Trees 521. 1908."

(Name probably from Greek lysis, loose, and loma, border, in reference

to the separation of valves of the fruit from the persistent margins.)

A small genus of about 35 species distributed in tropical America.

Bentham established Lysiloma with some reservations (see footnote 6),

8 Wi.trh^rm (ma n 7Q^ areues that L. bahamense can not be taken as the

a. Bentham says, "The

closely allied to each o

congeners until the fruit
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using as the unifying characters the combination of the numerous stamens
united to form a tube and the fruit with valves that separate from the
persistent margins. Because of its monadelphous stamens, Lysiloma has
been placed in the tribe Ingeae, within which it is perhaps most closely

related to Albizia.

Three species, two in the Southwest, occur in the United States. The
Mexican Lystton i microph Hum Bentham, which extends into southern
Arizona, and L. Thornberi Britton & Rose, which is confined to the Rin-
con Mountains of southern Arizona, have been considered to be conspecific

by Isely, who reduced L. Thornberi to a variety of L. microphylhim. The
third, L. bahamense, In = 26, is a West Indian species that reaches the
United States only in southernmost Florida. It is common on some of

the upper Keys and in southernmost peninsular Florida it behaves both
as a weed tree and as a component of hammocks (cf. Alexander, Craig-
head). The tree reaches a maximum of 20 meters. The leaves are de-
ciduous. The small white flowers of an inflorescence can appear from
October through June. The fruits ripen by fall but remain on the tree
until flowering begins the following year.

Palynologically similar to other mimosoid genera, Lysiloma has pollen
in 16-grained, flattened symmetrical polyads that range in diameter from
53 to 100 fim. The individual grains are pyramidal in shape, (3-6-) 8-

porate (fide Sorsa) or 4-porate (fide Guinet), and each circular pore is

covered by a membrane.
Data on the floral biology of Lysiloma ,-pecies are almost completely

lacking. The conspicuous inflorescences of tiny, fragrant, white flowers
suggest cross fertilization by insect pollinators. The size of the polyads
may nowever restrict the effective pollinators to the stronger insects
such as bees.

Craighead considers the hamm3cks of southern Florida to be composed
primarily of tropical hardwoods with Lysiloma bahamense being one of
the more characteristic trees in the hammocks of the Pineland Ridge.
Alexander found that in the absence of fire over a twenty-five year
period, the pinelands surrounding the hammocks would be invaded by
L. bahamense, which would persist until another fire at which time the
area would revert to a pineland community.

Although the wood is easily worked, durable, and suitable for furniture
and interior trim, the trees are generally not very abundant and are often
too poorly formed to be of commercial importance as timber. Lysiloma
bahamense is considered to be a valuable tree in the West Indies, where
the wood is used in general construction. Graham listed L. Thornberi as
a possible erosion-control shrub and roadside ornamental in the south-
western United States.
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8. Albizia Durazzini, Magazz. Toscano 3(4) (vol. 12): 10, 13. pi.

1772.

Trees or shrubs, small to medium-sized, spreading and often with a flat

crown [or large trees) ; heartwood pale yellowish brown to brownish, sap-

wood yellowish; branches unarmed, the branchlets terete to angulate,

generally puberulent, becoming glabrate with age, striate. Leaves de-

ciduous; a petiolar nectary usually present; pinnae few to many [a

nectary occasionally present between the insertion of each pair of pinnae],

with [one to] many pairs of leaflets, the leaflets small and numerous or

large and few; stipules usually caducous and setaceous [or rarely large,

foliaceous and membranaceous]. Inflorescences of spikes, racemes, or

heads, pedunculate, the peduncles solitary or more often fascicled, axil-

lary or generally aggregated on short shoots and appearing paniculate.

Flowers largely perfect, (4)5(6)-merous, the lower flowers of the inflo-

rescence often staminate, the central one or two flowers with the corolla

tube about 1.5 times longer than the other flowers and the staminal tube

exserted, the remaining flowers with the calyx campanulate to short tubular,

usually pubescent, short-lobed. Corolla generally infundibuliform, the

lobes short (usually about 1/4 the tube length). Stamens 20 to 50, fertile,

the filaments united into a staminal tube, the tube included to equalling

the corolla tube, inserted near the base of the ovary; filaments filiform;

anthers small, eglandular or glandular in bud, peltate; pollen in 16-

grained polyads. Stigma terminal, minute, concave; style slender, fili-

form, slightly exceeding the stamens; ovary elongate, sessile to stipitate,

glabrous, 1-locular, ovules ca. 12-18. Legume oblong, flattened, straight,

tapering at base and apex, nonseptate, chartaceous to coriaceous, dry,

indehiscent to tardily dehiscent, the valves thin, slightly thickened at the

margins. Seeds transverse, piano-compressed, hard, lustrous, with a nar-

row, U-shaped pleurogram on each face, without endosperm; embryo

filling the seed cavity, the cotyledons flat, oval, the radicle straight. Base

chromosome number 13. {Scricandra Raf.) Type species: A. Julibris-

sin Durazz. (Named in honor of "H Sig. Cavalier Filippo degl' Albizzi.'"

an Italian nobleman who introduced A. Julibrissin into Tuscany in 1749.

Although the Albizzi family spelled their name with two z's, Durazzini
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in his use of only one in the generic name, and that spell-

ing must be taken as correct. Cf. Little, 1945.)

A genus of approximately a hundred species distributed in tropical

and subtropical Asia, Africa, Australia, and the Americas. Fosberg rec-

ognized two sections (Spiciflorae Bentham and Platyspeemae (Ben-
tham) Fosberg) for Old World species with flowers borne in cylindrical

spikes (ca. 15 spp.). (Most previous authors have treated the two to-

gether under sect. Lophantha Walpers ex Fournier, a superfluous name.)
Section Albizia, with the flowers borne in heads, is represented in both
hemispheres, and two species of this section have become naturalized in

the southeastern United States.

Native to tropical and subtropical Asia and possibly Africa, Albizia

Lebbeck (L.) Bentham, In = 26, was introduced first into the West
Indies, then into Central and South America, and finally into southern

Florida, where it has become naturalized. The tree is medium-sized,

with a spreading crown, and is deciduous. The staminal filaments are

yellow to white, unlike the pink to reddish ones of A. Julibrissin. The
rather large fruits, which are produced in prodigious quantities, are long

persistent on the tree. As they dry the seeds become loose inside the pods
and rattle in a breeze, hence the West Indian vernacular name "woman's
tongue." This species can grow in dry areas and in situations of moderate
salt spray. It is propagated from seed.

Indigenous to temperate and tropical Asia from Iran to China, Korea,

and Japan, Albizia Julibrissin, mimosa, silk-tree, In = 26, has long been

in cultivation. It has been planted as an ornamental tree throughout most
of the eastern United States and over a broad area, from Maryland and
West Virginia to Indiana and Kentucky, southward to Louisiana and
Florida, has escaped from cultivation, in some areas becoming a

conspicuous element along roadsides and woodland margins. It is a small

to large flat-topped deciduous tree. The plant flowers from June to mid-

September (in New England).

Maturation of the individual inflorescences on a short shoot is acro-

petal (see Figure 5a). Flowering in a single capitate inflorescence is

usually more or less synchronous, although the apical flowers generally

are the first to reach anthesis. The flowers are short-lived, rarely lasting

longer than a day. Relatively few of the 16-grained polyads are pro-

duced in each anther, but the transfer of one of these can fertilize most

or all of the seeds in a single ovary. The fragrant flowers are visited

by numerous insects and by hummingbirds, but bumblebees appear to

be the principal pollinators of A. Julibrissin in the United States. The

upper halves of the filaments are pink to reddish and give the capitate

inflorescences their striking "powder-puff' ' appearance. The plant can be

propagated from either seeds or root cuttings.

The leaves of Albizia Julibrissin show the "sleep" movements typical

of Leguminosae. These movements result from changes in the volume

(as much as 3-4-fold) of motor cells in the pulvinus at the base of the
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petiole, the pulvinus at the base of each pinna, and the pulvinule at the
base of each leaflet. Movement is accompanied by potassium flux into

and out of the motor cells. Movements are controlled by light-dark tran-

sition, phytochrome, and endogenous circadian rhythms. Since it has
been shown that the photoreceptors for leaflet movement, the "clock"
controlling the rhythmic changes, and the energy substrate (as well as
the motor cells) are all located in the pulvini and pulvinules, leaflets of
Albizia Jtdibrissin have been used extensively by a number of investiga-
tors to study the interaction of these factors. (See Satter & Galston, 1973,
for a review and for numerous references; also see Mimosa.)

Like those of many other legumes, seeds of Albizia Julibrissin are re-

markable for their longevity. During an air raid and subsequent fire at
the British Museum (Natural History) in 1940 seeds of this species got
wet and when examined two months later were found to have germinated
after 147 years of storage (Anonymous, 1942). Crocker (1938) notes
seeds of this species giving 3.3 per cent germination after 70 years of

At least two other species are known to be under cultivation in the
United States. Albizia Kalkora (Roxb.) Prain, a small tree with whitish
flowers that is native to central and eastern China, Indochina, and India,
is only rarely encountered, and A. lophantha (Willd.) Bentham, native to
Western Australia, is planted in California and Arizona, as well as other
warm-temperate (and tropical) parts of the world.

Albizia is questionably distinguished from the other genera of the tribe
Ingeae by its thin, straight, flattened fruit that is either indehiscent or
tardily dehiscent only along the sutures. It was recognized as a distinct
genus by Bentham in both 1844 and in his revision of the subfamily in

1875, but was reduced by Von Mueller (1872) and by Kurz (Jour. Asiat.
Soc. Bengal 45: 129. 1876) to synonymy under Pithecellobium. Mohlen-
brock placed it between Havardia Small (fruits thin, papery, promptly
dehiscent) and Pseudalbizzia Britton & Rose (fruits indehiscent but
breaking transversely between the seeds), both segregates from Pithecel-
lobium (q.v.).

Guinet examined the pollen of thirty species of Albizia in his survey
of the palynology of the Mimosoideae. In all the species the pollen is in
flattened, radially symmetrical 16-grained polyads that range in diameter
from approximately 65 Mm. to 98 /xm. The individual pollen grains are
4-6(-8)-porate (the pores usually circular), paraisopolar to heteropolar,
and pyramidal in shape.

In a study of the amino acids of the seeds of 29 species of Albizia
Krauss & Reinbothe separated 36 protein and nonprotein amino acids.
Twenty-three contained large amounts of albizzine. Albizia polyphylla
and A. polymorpha were unique in containing mimosine, 5-hydroxy-
pipecolic acid, and dichrosrachic acid.

Beyond the horticultural merits of some species of Albizia, notably A.
n, the genus is of limited economic importance. In the Old World

some of the species are trees large enough to produce useful timber. The
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wood of the smaller trees is often used for fuel, fence posts, small furni-

ture, paneling, and general construction. The bark has been used in tan-
ning and for medicinal purposes. It has been used in various decoctions
as an anthelmintic.

Under subfamily references see Atchison. 1951. p. 542; Bentham, 1S44. pp.
84-92, & 1875; Berger, Witkus. & McM.vmon; Blagoveshchenskii & Alek-
sandrova; Bolkhovskikh et al., p. 281; Brenan; Compton. p. 7; Graham;
Crocker; Gci.net; Hutchinson; Isely. 1970; Kurz & Godfrey, pp. 174-176;
Little, p. 48; Record & Hess. p. 230; Sorsa; USDA Forest Service; Vines,
p. 500.
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9. Pithecellobium C. F. P. von Martius. Flora 20(2)(Beibl. 8): 114.

1837, 7 "Pithecollobium," nom. et orth. cons.

Trees or shrubs; bark smooth, often becoming rough in old trees, usu-

ally gray; sapwood often pungent, heartwood yellow to brown or almost

to black; branches terete to angulate, unarmed or armed with persistent

spinescent stipules, the branchlets with conspicuous, small pale lenticels.

Leaves bipinnate [or rarely once-pinnate
J,

petiolate (the pulvinus rare-

ly subtended by large nectaries], the pinnae few to many-foliolate, a nec-

tary usually present between the insertion of each pair of pinnae and

often between the insertion of each pair of leaflets, the leaflets opposite

[although the lower ones tend to be subalternate to alternate, occasional-

ly the inner leaflet of the lowest pair absent] ; stipules persistent and be-

coming spinescent [or large and foliaceous] or early caducous. Inflo-

rescences of oblong spikes or racemes, globose heads, or pseudoumbels,

pedunculate, the peduncles in terminal panicles or fascicled and axillary

or fascicled and ramiflorous, the bracts minute, generally caducous. Flow-

ers largely perfect [rarely the lower flowers functionally staminate], 5-

(6)-merous, sessile to pedicellate. Calyx campanulate, with short lobes,

glabrous to variously pubescent. Corolla infundibular, exceeding [or

rarely equalling the calyx], the lobes short to long (up to 1/2 the length

of the tube). Stamens numerous; filaments united into a tube generally

equalling corolla tube, inserted near base of ovary; anthers minute, dorsi-

fixed and versatile, eglandular; pollen in flattened, symmetrical 16-grained

polyads. Stigma minute, terminal; style slender, filiform, exceeding sta-

mens; ovary elongate, generally stipitate [rarely reduced or aborted],

ovules numerous. Legume straight or curved, flattened to terete, 2-valved,

dehiscent [or indehiscent], the valves continuous or interrupted within,

dehiscence occurring along both sutures at the same time or proceeding

from on the adaxial suture to the abaxial suture (usually incomplete), the

valves becoming contorted after dehiscence. Seeds slightly to distinctly

piano-compressed, oriented transversely in the fruit, the funiculus filiform

or expanded into a conspicuous fleshy aril (in our species the aril red to

white and the seeds hanging by the funiculus upon dehiscence of fruit)

;

hilum subbasal; seed coat thick to thin, with a faint oval pleurogram;

endosperm lacking, the embryo filling seed cavity, the radicle included or

slightly exserted. Base chromosome number 13. (Including Spiroloba

Raf.; Siderocarpus Small, not Pierre, 1888; Havardia Small; Jupunba

Britton & Rose; Cojoba Britton & Rose; Ebenopsis Britton & Rose;

Painteria Britton & Rose; Chloroleucon (Bentham) Britton & Rose;

Pseudalbizzia Britton & Rose; Abarema Pittier; Macrosamanea Britton

& Rose; Klugiodendron Britton & Rose; Arthrosamanea Britton & Rose;

Marmaroxylon Killip; Ortholobium Gagnepain). Lectotype species:
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P. Unguis-cati (L.) Bentham {Mimosa Unguis-cati L.), typ. cons.; see

ICBN 314. 1972, and Britton, N. Am. Trees 514. 1908. (Name from

Greek, pithekos, ape, and ellobion, earring, from a Brazilian name [given

by Martius as brincos de sahoy, monkey's earring] for one of the species,

apparently in reference to the twisted fruit.)

The genus includes some 90 species distributed in tropical and sub-

tropical habitats in both hemispheres, from southern Florida and Texas,

the West Indies, Central and South America, and from tropical Asia, to

Malesia and Australia. Of the five species that reach the southern United

States, three, all of sect. Pithecellobium (sect. Unguis-cati Bentham),

occur in southern Florida. Pithecellobium flexicaule (Bentham) Coulter

and P. pollens (Bentham) Standley extend from Mexico northward into

southern Texas. Our species are closely related and, as members of sect.

Pithecellobium are characterized by spinescent stipules (except in P.

use), leaves with (1 or) 2 to several pinnae and several pairs

of leaflets, fruits with valves that are contorted after dehiscence, and
arillate seeds.

A small, flat-topped shrub or tree, Pithecellobium guadalupense (Pers.)

Chapman (P. keyense Britton), 2n = 26, Guadeloupe blackbead, is char-

acterized by leaves that generally lack spinescent stipules and have per-

sistent, coriaceous, obovate to nearly orbicular leaflets. The pattern of

branching is irregular, like that of many other species of the genus. The
plant occurs in rocky or sandy soil in pine woods, in hammocks, and on
open sand dunes of southern Florida, including the Keys. It is widely

distributed in the West Indies and occurs in the Yucatan Peninsula.

Flowering usually is from October through March. The flowers are ag-

gregated in dense globose heads that are, in turn, borne in terminal panicles.

The pink upper halves of the filaments produce an over-all effect of

pink flowers.

A shrub or small tree, Pithecellobium Unguis-cati, catclaw blackbead,

has angulate branchlets and leaves with stipular spines and persistent,

chartaceous, obliquely obovate to oblong leaflets. In our area this species

is restricted to southern peninsular Florida, including the Keys; its dis-

tribution elsewhere has been difficult to determine because it has been
confused with other species, but Little (1953) included the West Indies,

Mexico. Central America, and northern South America. As in P. guadalu-
pense, the flowers are borne in globose heads, and the filaments give the

inflorescences their pinkish to yellow color. The terminal panicle of

inflorescences of both these species is more compact than in P. dulce.

The black seeds of both this and the preceding species have a bright red

aril.

The third species, Pithecellobium dulce (Roxb.) Bentham (Mimosa
dulcis Roxb., Feuilleea dulcis (Roxb.) Kuntze), In = 26, is a small to

medium-sized tree with leaves with stipular spines and persistent, charta-

ceous to subcoriaceous, strongly oblique oblong leaflets. The whitish

heads of flowers are borne on short peduncles in a narrow panicle. The
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arils of the black seeds are white to pink, acidulous, and edible (cf. Stand-

ley). Indigenous from Baja California to northern South America, P.

duke is widely planted elsewhere, and it was an early introduction into

the Philippines. Lakela & Craighead and Long & Lakela have reported

it as occurring in Collier County, Florida, and several presumably wild

individuals have been found in Dade County, as well. It is presumably

an escape from cultivation in our area.

The generic limits of Pithecellobium have been interpreted quite vari-

ously. Bentham at first (1844) recognized 75 species in eight sections

but he later (1875) placed 108 species in seven sections. Britton & Rose's

narrow concept of Pithecellobium ( 1928) led to the description of a num-

ber of new genera based mainly on fruit characters, and, to a lesser ex-

tent, on the position of the inflorescence. Students of neotropical plants

have largely rejected these segregate genera as artificial, but Kostermans

(1954) has split the Old World species into 11 genera, describing six

of them as new and restricting Pithecellobium to the New World. He
relied heavily on fruit and seed characters, the presence or absence of

spines, and, to a lesser degree, on the position of the inflorescence. Moh-
lenbrock (1963a, b). employing a broader generic concept, although

maintaining a number of the segregates (e.g.. Havardia, Pseudalbizzia),

reduced the Old World Archidendron to sectional rank under Pithecel-

lobium and recognized five additional sections in the genus. In his con-

cept Pithecellobium includes all those species in which the valves of the

fruit become spirally contorted after dehiscence. Since the splintering of

this large and loose assemblage into numerous seemingly artificial segre-

gate genera does not solve the taxonomic problems, it seems better for

the present to treat Pithecellobium in the broad sense.

Most species of Pithecellobium are plants of the margins of forests

and waterways in tropical and subtropical areas. They are also found

in developing secondary forest. The species found in pioneer vegetation

and in unstable habitats typically have dehiscent pods with dangling

seeds and conspicuous arils, adaptations for bird dispersal. Species that

are restricted to the secondary tree element of mature rain forest usually

have indehiscent, somewhat fleshy fruits that are dispersed by mammals.

Van der Pijl (1956) has also cited water as a dispersal agent for those

species that occur along waterways and that also have dry fruits and

seeds that lack an aril. In the three species that occur in the southeastern

United States the pods twist and coil in a loose spiral during dehiscence.

The seeds have a conspicuous aril, are shiny black, and hang free by

the funiculus. The seeds of all three presumably are dispersed by birds

(cf. Ridley. 1930; van der Pijl, 1956).

Palynologically. Pithecellobium is specialized, with its pollen arranged

in flattened, radially symmetrical 16- or 3 2 -grained polyads similar to

those of Inga, Affonsea, Lysiloma, and most species of Calliandra. The

individual grains are usually pyramidal to oval in shape, generally 6-8-

porate, and paraisopolar to heteropolar.

Apparently the chromosome numbers of only eight species of Pithecel-
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lobium have been reported. Seven of these are diploids, 2w = 26, and

P. polycephalum is reported to be a tetraploid, 2w = 52.

The wood is of very limited use, since plants of most species of the

genus are small, often much-branched trees. The wood is hard, heavy,

and strong, but brittle, and it is used mainly for fence posts and for fuel.

The bark yields a yellow dye that has been used in tropical America for

tanning skins (Record & Hess, 1943). Record & Hess also report that the

bark is used in decoctions for its astringent properties.
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THE SECONDARY PHLOEM OF AMENTOTAXUS

R. W. den Outer and E. Toes

The systematic position of Amentotaxus is uncertain (Keng, 1969).

It is placed either in the Taxaceae, Cephalotaxaceae, or in a separate fam-

ily, the Amen totaxaceae (Kudo & Yamamoto, 1931; Li, 1963). The genus

is held to represent only one species, i.e. A. argotaenia (Hance) Pilger

(Kudo & Yamamoto), or four species, i.e. A. argotaenia (Hance) Pilger,

A. cathayensis Li, A. jormosana Li, and .1. yunnanensis Li (Li. 1952). or

three species, i.e. A. argotaenia (Hance) Pilger. .1. jormosana Li, and

yunnanensis Li (Hu, 1964). Finally Chuang & Hu (1963) identify A. jor-

mosana Li with A. argotaenia (Hance) Pilger.

Because of all these different opinions, further investigations seei

visable. Although hampered by the lack of suitable material,

ler (1973) made a comparative study of the secondary xylem

concluded that a) at the specific level taxonomic evaluation is not

sible, or that b) Amentotaxus is monotypic. A comparative study of the

secondary phloem is even more difficult, because fresh material is pref-

erable for this purpose. The present investigation deals with the com-

parison of A. argotaenia (Hance) Pilger sensu strieto with some other

representatives of the Taxaceae and Cephalotaxaceae.

MATERIAL

Twig material of A. argotaenia (Hance) Pilger sensu strieto was ob-

tained from Hong Kong (Lantao Peak, Lantao Island) via Dr. D. K.

Ferguson of the University of Antwerp. Using an increment borer with

a diameter of 5 mm., fresh samples were taken from trees of Taxus bac-

cata L., Torreya grandis Fortune, and Cephalotaxus harringtonia (Forbes)

K. Koch. These trees in the Arboretum "De Dreyen" at Wageningen.

had a diameter of approximately 15 cm. at breast height. Two stem sam-

ples of Austrotaxus spicata Compt. were obtained via Dr. A. M. W. Men-

nega and H. J. Miller from Sweden (Stockholm nr. 233) and Australia

(D. F. P. 32.479).

RESULTS

The results of the investigation are shown in the following table.
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CONCLUSIONS

Amentotaxus argotaenia (Hance) Pilger sensu stricto differs from the

other investigated species in the following characteristic features: the

axial system is, for the greater part, composed of sieve cells. They con-

stitute tangential bands 1 to 10 (often 5) cells wide, alternating regularly

with tangential layers of phloem-parenchyma cells 1 cell wide; sclereids,

originated from either phloem-parenchyma cells or crystal cells, lie scat-

tered in the nonconducting phloem, irregular, thus not in tangential lay-

ers; the rays are 1 to 4 cells high; the sieve cells are rather long. These

differences in the characteristics of the secondary phloem are not sufficient

to decide whether Amentotaxus should be placed in the Taxaceae or in

the Cephalotaxaceae, or even in a separate family, the Amentotaxaceae.

Additional investigations are advisable, but only if and when fresh

material is available.
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THE STEM-NODE-LEAF CONTINUUM OF THE
DICOTYLEDONEAE

Richard A. Howard

Although the stem, the node, and the leaf are treated as individual

structures in many textbooks of general botany or plant anatomy, an

understanding of the internal structure of any one of these is associated

with information from the adjacent structure. The stem-node-leaf is a

continuum of cells and tissues. An excellent article by Wetmore and

Steeves (1971) considers the continuum from the developmental point of

view and was written for the physiologically oriented reader.

The present study is derived from a survey of the structure of the

node and the petiole to be contributed to a new edition of Metcalfe and

Chalk's Anatomy of the Dicotyledons. Stems and leaves of representatives

of every family of the Dicotyledoneae have been examined. For each

family of the Takhtajan system to be followed in the new edition of

Anatomy of the Dicotyledons (Metcalfe 1972) a description will be given

there of the patterns of vascular tissue found in the internode, the node,

the petiole, and the leaf blade to its apex, as revealed in a series of sec-

The material following here is a summary of the considerations needed

in order to obtain a proper interpretation of the vascular patterns seen

at the various levels of the stem-node-leaf continuum.

LEAF DEVELOPMENT

The development of the foliage leaf has been considered in detail for

a relatively few dicotyledons, when one considers the number of taxa

recognized in the class. Yet morphologists suggest that there is a basic

pattern of development which is common to leaves in general and that

the difference in final form of the mature leaf can be explained m varia-

tions on one morphogenetic theme (Wetmore & Steeves 1971).

Upon and within the apex of the stem, a primordium of a leaf is dis-

tinguishable in a definite relationship to other primordia, which is ex-

pressed eventually as the phyllotaxy of leaves on a stem. This arrange

ment may be established as alternate, opposite, whorled, or onxiate



126 JOURNAL OF THE ARNOLD ARBORETUM [vol. 55

(Maekawa 1948). A distichous arrangement is considered to be super-

imposed.

Wetmore and Steeves (1971) reviewed the experimental work that

has been done on leaf primordia, and Wetmore and Garrison (1966) are

among the recent authors to state that "incontrovertible evidence now
exists that primordia when produced on the apex are uncommitted. It is

their natural biochemical milieu which determines their developmental

destiny whether leaf or bud." Surgical isolation allows young leaf pri-

mordia to appear as buds.

The leaf primordium undergoes a period of growth, establishing a foliar

axis, and perhaps, by basal elongation, the stem. The existence of rec-

ognizable areas within the primordium, variously termed soubassement,

leaf buttress, leaf base, Unterblatt, and Oberblatt, has been suggested

by some authors and denied by others.

The axis of the foliar primordium develops an adaxial meristem re-

sponsible for the thickening of a midrib region. An apical meristematic

zone of the primordium may continue temporarily the elongation of the

primordium. Marginal meristems along the foliar axis develop either the

lamina of a simple leaf or the leaflets of a pinnately compound leaf.

Divisions at the apex of the primordium develop the leaflets of a palmately

compound leaf. Multidirectional expansion of an apical meristematic area

produces the ascidiate or peltate leaf blade. Subsequent intercalary

growth may be responsible for the petiolar area or the regions of the

rachis between blade lobes or pinnae of compound leaves. The timing

and relative development of each of these meristematic potentials can

explain the form and size of the ultimate leaf (Kaplan 1970a, 1970b).
During its development, meristematic activity of cells within the leaf

may be restricted and finally cease, with the subsequent enlargement
being caused only by increase in cell size. The dicotyledonous leaf is

generally assumed to have limited terminal growth. Examples of con-

tinued apical growth have been reported in the Meliaceae (Skutch 1946),
while variable development of laminar portions of the blade and the axis

of simple leaves is evident in tendrils of Mutts spp., Triphyllophyllum,
and interrupted blade development in Nepenthes and Codiaeum. Residual
meristematic activity of other cells is evident in the production of "leaf-

plantlet meristems" (Warden 1971-72) normally in Bryophyllum spp. and
in Tolmeia menziesii, or in the vegetative "leaf cutting" reproduction of

many Gesneriaceae, Begoniaceae, etc. Limitation of expansion of the

leaf may be due, in part, to the maturation of tissues, that is, the pro-
duction of xylem and the development of a cambium and secondary tissues,

and even the maturation of the mesophyll cells. However, the pulvinal
areas may never develop sufficient quantities of xylem tissue to be con-
sidered incapable of further elongation or meristematic development.

Vegetative propagation of dicotyledons from leaf cuttings indicates a
residual meristematic potential in some herbaceous plants. No woody
plants are known to be reproduced from leaf or petiole cuttings alone.

Saintpaulia, Begonia, Peperomia, are examples of plants which can be
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reproduced with ease from petiole plus blade cuttings. Reproduction from
portions of the leaf blade are considered practical by the nurseryman only
when they involve a portion of the mid vein or a lateral vein. Regenera-
tion is believed to come from dedifferentiation of some mature cells or
from callus.

As the primordium develops into a recognizable leaf form, the vascular
system is differentiated in stages, first as a procambial stage, and sub-
sequently as xylem and phloem. The differentiation of the procambium
is generally described as acropetal. taking place while the primordium is

still undergoing cell division and even elongation. Differentiation of the
phloem from the procambium is acropetal into the leaf primordium. Later,
differentiation of xylem begins at the base of the leaf primordium and
develops acropetally into the leaf and basipetally into the stem. The
continuity of conducting tissue from the stem into the leaf is thus estab-
lished and recognized as the primary vascular system.

Tn general, developmental studies have been concerned with primordia
and very immature leaves. No literature seems to concern the develop-
ment of the many varied and complex patterns of arrangement of ma-
ture vascular tissues in the petiole of the mature leaf, or how such com-
plexities are established in an interpolated organ. The independence of
bundle development is specified in a few ontogenetic studies. Although
it appears from most studies that the median bundle extends into the
developing leaf at a faster rate than lateral traces. Kaplan has shown
(1970a) examples of the more rapid acropetal development of the primary
lateral traces. The need for later stage developmental studies represents
a serious lack of information when one considers that the leaf primordium
may: interpolate a petiole; separate the rachis with or without articula-

tions in the development of pinnate compound leaves: develop one to
many pulvini; and form accessory foliage organs or appendages as stipules,

stipels. thorns or glands.

THE PRIMARY VASCULAR SYSTEM

Shortly below the apical meristem of i

the primary body can be recognized as tl

the cortex. In cross sections the vascular tissue may be a continuous ring:

that is, a siphonostele. or a series of discrete bundles, a eustele. Whether
or not all of the vascular tissue is to be regarded as of leaf origin remains
a matter of dispute. Some authors refer to the discrete bundles of the

stem as traces, noting the ultimate departure of the tissue into the leaves.

Other authors, noting the identity of the bundle for several internodes.

refer to some bundles either as 'stelar'' or "cauline" bundles (Dormer
1972). thus distinguishing them from their branches or leaf traces, or as

sympodia. indicating their multiple nature as branched or fused units.

The primary vascular tissue can be recognized as occurring in many pat-

terns until the development of metaxylem or secondary tissues makes the

patterns obscure (Esau 1965). The patterns which have been described
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as "vascular systems" are based on a study of the path of the leaf traces

down the stem. Individual traces, upon association with others in the

stem, may join with them in entirety or by bifurcation to establish the

vascular continuity. This may occur immediately below the node or at

a greater distance involving several internodes. Generally the path down-
ward is helical and associated with a spiral phyllotaxy, but in distichous

or decussate leaves the path may be straight.

The studies of "eustelic" systems have been dominant in the literature,

primarily due to the ease of obtaining these from seedlings or herbaceous

plants. Dormer (1945) classified the vascular systems as "open" or

"closed." The closed system is essentially a reticulum or network of

bundles which branch or anastomose, depending on the direction the

author accepts for his terminology, to or from the leaves. The open
system is characterized by bundles which branch, but only exceptionally

rejoin. Dormer did recognize that there were intermediates, or that both

types could occur in the same vascular system. The "branches" from
either system are the traces which enter the leaves, and the vascular tis-

sue from which the branch originated is termed a stem bundle or a

Most authors now attempt to illustrate diagrammatically the primary
vascular system by assuming that the stem could be slit along one side

and flattened. The vascular system is then shown in two dimensions, and
the sympodia or cauline bundles are usually illustrated as heavier lines,

the traces to leaves as lighter lines. The number of sympodia may be

of descriptive value (e.g., the symmetrical six-fold to symmetrical twelve-

fold systems, Slade 1971), as well as the nature of the branch trace pat-

tern as cathodic or anodic into the meshes or interstices. The diagrams
show the open system as unconnected vertical paths of vascular tissue,

and the closed system as a reticulum of anastomosing tissues. Opposite,

decussate, distichous, alternate or whorled-leaf arrangements can be cor-

related with unilacunar, trilacunar. or multilacunar nodes. Cortical or

medullary bundles can be superimposed on such a diagram (Balfour &
Philipson 1962). The vascular supply to axillary buds or branches has

been generally neglected in such studies, although Dormer (1972) il-

lustrates by diagrams some of the patterns previously reported.

Philipson and Balfour (1963) reviewed and illustrated the primary
vascular system patterns recognized to that time. Subsequently Jensen's

(1968) study of the Crassulaceae, which recognized sixteen patterns with-

in one family, indicates that the survey is far from complete.
Benzing (1967a, 1967b) studied the primary xylem of the "woody

Ranales," in which a pseudosiphonostele (Bailey & Nast, 1948) is pres-

ent rather than the eustele studied by other authors. In a pseudosiphono-
stele there is a continuous ring of procambium and primary phloem near

the stem apex, but the protoxylem is circumferentially discontinue >us.

What appears to be a single leaf trace to a unilacunar node or the indi-

vidual traces of a trilacunar node may be, in fact, one or several strands

of protoxylem exhibiting both "open" and "closed" systems in a variation
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tli*' amplication of those terms from that used by Dormer and others,
following the path of a protoxylem in species with unilacunar, tri-

lacunar. and nude-, additional diverse protoxyle
patterns were recognized.

Benzing concluded from his evidence that the primitive node in the
Angiospermae was a one-trace node (one protoxylem strand), either
unilacunar or trilacunar in nature. He suggested that the two-trace uni-
lacunar node of the Clcrodoulrum tvpe ( Marsden & Hailev 1 ** 5 5 ) is de-
rived.

The descriptive value of the primary vascular system and/or the pro-
toxylem patterns has been demonstrated. In the eustelic type of vascu-
lar system, the primary vascular pattern may be retained in the mature
plant. In most woody plants, however, the primary vascular pattern is

evident only in the upper few immature nodes and internodal portions of
the shoot, due to the obscuring effect of cambial activity.

BUDS AND BRANCHES
By factors still unknown at the present time, the products of the apical

menstem may be variable in regular or irregular sequences. One can
consider as a unit of seasonal growth the stem and associated appendages
produced during a growth interval, a season for example. The terminal
bud of a temperate area woody plant extends in length until another ter-

minal bud is formed, and this amount of growth is here termed a sea-
sonal-unit, for Wetmore and Steeves (1971) have accepted the internode
as the ''growth unit." The appendages produced on this seasonal-unit
may vary in size from scales such as prophylls or cataphylls, to eophylls,
or to full foliage leaves. The seasonal-unit may have the smaller ap-
pendages at the base, larger ones in the middle, and either a gradual
reduction in appendage size near the apex, or an abrupt reduction in
size to the protective bud scales and the stem apex within the terminal
bud. The mature foliage leaves may be largest at the base of the season-
al-unit, at the middle, or at the upper end.

Tnternodal elongation may be negligible at the base of the seasonal-
unit, evident almost as in short shoots, and also at the apex of the sea-
sonal-unit by the approximation of the foliage leaves below the terminal
bud. In contrast, the basal internodes of the seasonal-unit may be greatly
extended to form a hypopodium with cataphylls in great size contrast to
the other nodes and internodes.

By the time a fourth leaf primordium has been differentiated at the
stem apex, there may be evidence of an axillarv bud in Syringa (Garrison
1949. Wetmore & Garrison 1966). The time of axillary bud initiation

appears to vary in different taxa. although it is fairly consistent within
the taxon (Wetmore & Steeves 1971). Buds are usually produced singly

in the axils of foliage leaves, but they may be in multiples arranged hori-

zontally or vertically or even extra-axillary in position. Buds may be
sunken in stem tissue and covered by cortical tissue or protected by a
sheath or by a concave petiole base.
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The buds along a seasonal-unit may be vegetative buds or floral buds,

or both may be present in the axil of a given leaf. Leaves at the basal

nodes of a seasonal-unit may have the buds reduced in size, or they may
be completely lacking. The production of vegetative or flower buds
and the conversion of one type to the other have been demonstrated in

the literature (Wetmore & Steeves 1971). No studies appear to have been
made of the occurrence of both types of buds in axillary positions in many
flowering plants. When two or more vertically arranged buds are present

in the axil of the foliage leaf, either the upper or the lower bud alone

may develop, or neither or several in apparently characteristic patterns.

Thimann (1961, 1972) attributes the lack of bud formation in some nodes
to the inhibiting effect of the leaves present, while the elongation of buds
can be controlled by the balance between auxin and kinetin. Axillary

vegetative buds may develop in a given growth period of (sylleptic)

shoots, or be retarded, as in many temperate plants (proleptic), and de-

velop only during the second year. In some genera the development of

an axillary vegetative bud may be restricted by the conversion of the

apex to a spine by the abrupt reduction of the apical meristem.

Flower buds are also produced in characteristic patterns of terminal,

axillary, or extra-axillary positions. Within the seasonal-unit the flowers

may be produced in all leaf axils, only in the lower leaf axils, at the

middle, or in the upper leaf axils. If the lower leaf axils of the seasonal-

unit characteristically produce the flower buds, these nodes are without

vegetative branches in succeeding years, producing the appearance of

separated units of leaves.

Cutter (1961) and others have noted that in some members of the

Nymphaeaceae, sites in the genetic spiral have alternate developmental
potentialities. Leaf and flower primordia in the same spiral may be
formed consecutively on the apical meristem; that is, the physiological

conditions conducive to flower formation must be followed immediately
in a different sector of the apical meristem by those favoring leaf incep-

tion, and then again, flower formation. Occasionally flowers will occupy
leaf positions in such a spiral. Cutter (1966) also reported the condition

in many plants with opposite leaves where the vegetative and floral

axillary buds occur in either sectorial or helicoidal patterns.

Wetmore et al. (1964) noted that "any of the young potential leaf

primordia may become buds if isolation of the very young primordia is

effected adequately soon after their appearance." These studies suggest

that the original primordia are uncommitted and undifferentiated pro-

tuberances of cells as they are initiated.

The vascular supply of the axillary bud is usually associated with tissue

on one or both sides of a gap within the vascular cylinder. Dormer (1972)

illustrates examples of the vascular supply of the axillary bud being

derived from the leaf traces themselves. In unilacunar nodes, the bud
traces are associated with the single gap. In trilacunar nodes all cases

reported to the present reveal the bud traces to be developed only from

the central gap (Garrison 1949). Ogura (1964) reported multilacunar
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nodes with vascular supply to the axillary buds developed from several
of the gaps in the Araliaceae, Compositae, Plumbaginaceae, and Ranuncu-
laceae. No literature has been located describing the vascular supply to
serial buds, whether arranged vertically or horizontally. Croizat (1960)
has reported a node of Chaenomeles in which buds or branches were
formed within the axil of the foliage leaf and each of the adjacent stipules,

but he gave no anatomical details. Nast and Bailey (1946), and Garri-
son (1949) also reported the intermingling of bud and leaf traces in

Euptelea.

Recently Bounaga (1973) has reported experiments in which an axillary
bud was excised and the portion of the stem from which the bud was
removed was grown in culture media. The study involved material of Ces-
trum parquii, Dianthus barbatus, and Matthiola annua, all of which have
unilacunar nodes; and Eryngium tricuspidatum and Bupleurum planta-
gineum, both of which have multilacunar nodes. When grown in culture,

the stem pieces developed new buds at the area of excision. Buds de-
veloped with connections to vascular tissue on either side of the leaf-gap
or from only one side in the unilacunar nodal types. A variable number
of buds, not exceeding the number of traces, developed in the cultured
material of Eryngium and Bupleurum. Bounaga concluded that the pro-
duction of neobuds was "inscribed'' in the bud trace, and that the stems
in the taxa studied were not caulogenic.

If the growth of the apical meristem in any given season is determined
by the development of a terminal bud, this bud can be a flower bud. pro-

ducing an inflorescence, or a vegetative shoot. In some plants the termina-
tion of apical growth results from the gradual reduction in size of the

apex meristem and its appendages to the form of a spine. Subsequent
elongation of the axis occurs through the elongation of a lateral bud.
Growth may also terminate by the abortion of the shoot apex, a conspicuous
failure of shoot development. Apical growth may be limited, too. by
cladoptosis, the abscission of a portion of the shoot, a part or all of the

seasonal-unit (Garrison & Wetmore 1961).

The onset of dormancy is often indicated by the lessening of the length

of the internodes, and the closer association of the upper leaves or their

reduction in size. The abrupt cessation of production of leaves in a

seasonal-unit, followed by the development of bud scales, must be under
hormonal control. Dostal (1959) showed that the removal of shoot leaves

would delay the production of bud scales and cause the production of

more leaflike organs.

With the onset of new growth, either as lammas shoots or following a

seasonal dormant period, the bud internodes begin to increase in length.

The outer bud scales usually abscise, and internodal elongation is lacking

in the area of the bud scales. Some plants evidently enlarge in a given

seasonal-unit only those leaf primordia found in the resting bud. Even
this development may show transitional forms characterized successively

as cataphylls. eophylls, or transitional leaves and characteristic foliage

leaves. Bud scales and cataphylls commonly lack petioles, and may lack
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photosynthetic potential or have this reduced. Eophylls may or may
not have a full petiole development comparable to that of the later leaves.
The vascular supply or nodal type for each of these appendages may be
different. Lammas shoots commonly have larger cataphylls and eophylls
than comparable appendages developed from a true resting bud, and such
appendages may be long lasting. Some plants with determinate growth
and terminal buds may not only develop the leaf primordia included with-
in the bud as "early leaves," but may continue to develop additional
leaves, as "late leaves" (Critchfield 1960) before forming a terminal
resting bud.

Plants with indeterminate growth, that is, those that do not form a
resting terminal bud, may continue to produce standard foliage leaves
until stopped by adverse weather in temperate regions. When a die back
of tissue occurs, subsequent elongation of the stem takes place through
the growth of an axillary bud in a lower position.

THE NODE
The node is commonly defined as the position on the stem at which

leaves occur— a superficial topographic orientation. Variations within
this definition allow for the node to have one leaf, two or opposite leaves,
and several or whorled leaves associated with a single node.
When the leaf has abscised, a leaf-scar remains visible, commonly re-

vealing cross sections of one or more vascular bundles, referred to
as traces, which are the paths of conduction between the leaf and the
vascular system of the stem. When the traces enter (or depart, depend-
ing on the point of view) the vascular system, a gap or gaps can be
found in the higher plants. This area of gaps has also been accepted as
a "node," permitting two contrasting considerations for descriptive pur-
poses. The widely accepted classification, attributed to Sinnott (1914)
although recognized much earlier, established three nodal types unilacunar,
tnlacunar or multilacunar, depending on the number of gaps. Pant and
Mehra (1964) have suggested the nodal classification of alacunar, uni-
lacunar and multilacunar when the number of gaps is more than one.
Independently in Europe emphasis was placed on the number of traces
instead of the number of gaps. Pierre (1896) suggested the Monoxy-
lees or Monophalangoxylees and the Trixylees or Triphalangoxylees
for one or three traces entering the stem; while Hasselberg (1937) estab-
lished the terminology "Unifaszikularer insertion," "Trifaszikularer in-
sertion," and "Multifaszikularer insertion." Later Marsden and Bailey
(1955) combined the number of traces and gaps, recognizing a "fourth
type of nodal anatomy" when the traces were two at one gap; and Takh-
tajan (1969) proposed a hypothetical but comparable "fifth type" with
two traces to a median gap and single traces to each of two lateral gaps.

Arnal (1962) discussed alternative characteristics for a node, suggest-
ing that it has been defined either as a zone of insertion on the stem of
a leaf-axillary bud complex, or as the zone of non-elongation of the stem.
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He acknowledged that the presence or absence of buds, including the for-

mation of axillary and adventitious buds, was extremely variable; that

leaves may be present or absent, and that internodes might also be lack-

ing; and concluded that the only criterion for a node was that of non-

elongation.

Croizat (1960), by contrast, has called attention to the variety of

structures that could be produced and be present superficially in an area

which he called a "nodal torus," such as buds, shoots, flowers, inflores-

cences, scales, cataphylls. eophylls, leaves, stipules, trichimoids. spines.

glands, and meristematic tissue. He recognized that the nodal torus could

occupy a considerable portion of the stem, far exceeding the leaf-scar area

and the gap region of the stele. He pointed out that these products of

the nodal torus are found completely surrounding the axis, sometimes

extending a distance above the leaf-scar or occurring below the leaf-scar.

Boke (1961), noting that areole meristems of the Cactaceae produce

new spines seasonally for many years, considers these to be dwarf shoots

rather than simple buds, thus a single nodal torus.

No survey paper has yet considered, in the definition of a node, the

presence of a cortical and/or medullary vascular system which may or

may not contribute to the principal vascular cylinder and/or the leaf.

Neither has attention been paid to accessory conducting-secreting systems

as latex or resin canals and their role in the leaf-stem relationship.

Ideally all of these characteristics should be incorporated in any de-

scription of a node, but most important is the recognition of the nodal

area in three dimensions. The interpretation of the single section usu-

ally drawn or illustrated is dependent on an understanding of the areas

below and above that section.

The internode is generally defined as the area between two nodes,

again a topographical definition. The internode is the result of both cell

division and cell elongation (Wetmore & Garrison 1966), and the amount

of tissue between the topographic nodes is obviously variable. If no

elongation occurs and the leaves are close together, the growth form is

either that of a rosette or of a short shoot. The rosette growth form is

often altered with the induction of flowering and the subsequent produc-

tion of internodes, especially in biennials (Wetmore & Garrison 1961).

Lateral short shoots may remain as closely associated nodes for many

years in flowering trees, but short shoots of terminal growth have been

shown to be under hormonal control for shorter periods of time (Gunckel

& Wetmore 1946, Gunckel, Thimann & Wretmore 1949. Titman & Wet-

more 19SS). A peculiar condition of double nodes has been reported

in the genus Anacharis (Jacobs 1946), where occasionally an internodal

area of the stem fails to elongate, and two leaf-bearing nodes are close

Surprisingly, the actual method of internodal elongation, with its initia-

tion and cessation, has received little attention. Wetmore and Garrison

(1961) studied the elongation of internodes in Helianthus and Syringa,

and noted that in Helianthus elongation began at the base of the inter-
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nodal area and proceeded acropetally into the supra-adjacent node, where-

upon the next internode developed in a similar fashion. In Syringa sev-

eral internodes did develop simultaneously though overlapping in timing.

In Helianthus, cell enlargement is the dominant factor in internodal

growth; whereas in Syringa, cell division is the more prominent of the

two processes, although in both taxa mitosis and elongation are involved.

In many members of the Gramineae and Liliaceae, as well as in Equisetum,

elongation and maturation occur in the opposite direction, with the basal

area of the internode the last area to mature, often remaining meristematic

for some time. Although uninvestigated to the present, a similar situation

may prevail in the Chloranthaceae and other plants primarily with oppo-

site leaves, in which dried specimens show a shrunken or collapsed zone

just above a pair of leaves or at the base of the internodal area. Al-

though the processes of cell division and cell elongation are presumably

under biochemical control, there is no explanation why they cease within

the internodal area, causing the internode to be considered mature.

The amount of elongation, i.e. the length of the internode, may vary

considerably on a given shoot or on one plant. Within a given flush of

growth or development of a shoot from a bud of a woody plant, the basal

portion of the stem and the apical portion may have the nodes close to-

gether, and the middle portion have the nodes well spaced. An explana-

tion is possible if the growth hormones causing the internodal elongation

are related to the appendage of the node. Thus, the lower internodes as-

sociated with bud scales, cataphylls, or eophylls are shorter than those

associated with larger foliage leaves. The comparative lesser length of

the upper internodes still associated with full-sized leaves immediately

preceding the abrupt transition to bud scales of a terminal bud remains

unexplained, as does the hypopodium development at the base of some

branch systems where only cataphylls are present.

ANATOMICAL DESCRIPTION OF THE NODE

The continuity of the vascular tissue from the stem through the petiole

to the apex of the leaf is evident, yet the nature of its path and the varia-

tions of pattern of bundle arrangement and position along its length have

not received much consideration. A three-dimensional interpretation is

desirable, yet extremely difficult to depict. Single sections in leaf-bearing

regions, therefore, have generally been used to describe the node, and these

remain useful. The usual single section will allow the description of the

epidermis, hypodermis, and even some periderm; the cortex and its in-

cluded vascular bundles in those species possessing a cortical vascular

system, and sclerenchymatous tissue such as caps, rings or isolated idio-

blasts, and often laticiferous cells and resin cells, and the principal vascular

system of secondary and/or primary phloem, cambium and secondary

and/or primary xylem. The latter may be distinguishable as discrete bun-

dles or continuous tissue being either collateral or bicollateral. The central

portion of the section may be distinguishable as a pith of parenchymatous
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tissue of varying size and shape, but often with complete or incomplete
medullary bundles, occasionally plates of sclerenchyma, idioblasts. and
canals or cells of latex or resin. In some instances the pith area may be
hollow in a characteristic fashion. Needless to say. any and all of the
tissues and cells may have descriptive value of a comparative nature.
The traces are generally considered to have originated in the principal

vascular system, and to have "departed,"' leaving a gap in the vascular
cylinder before entering the petiole. They may be seen in the cortical
areas in cross section or in a horizontal longitudinal set lion. During their
transit through the cortex, associated sclerenchymatous cells are usually
lacking.

The descriptions of three nodal types, unilacunar, trilacunar, and multi-
lacunar, dominate the literature (Plate I). The fourth type of nodal struc-
ture (Marsden & Bailey 1955) indicated a condition where two traces
were associated in a single gap of a unilacunar node. Nast and Bailey
(1946) did not name or number the nodal condition of Euptelea where
the bud and leaf traces were intermingled in the node, nor has such
numbering been applied to the split lateral or common gap condition re-

viewed by Howard (1970). Takhtajan (1969) proposed a theoretical

"fifth type" of nodal structure which he speculated was the primitive
type, a trilacunar node with two traces in the median gap.

Added to the basic four types of nodal structures must be the stems
where a cortical vascular system is present which may or may not con-
tribute to the vascular supply of the leaf (Plate I). This has been de-

scribed for Calycanthus, Chimonanthus, and Nyctanthes (Lignier 1887,
Fahn & Bailey 1957. Balfour & Philipson 1962. Kundu & De 1968) where
the cortical system forms a girdling bundle at the node, in addition to

having branches entering the leaf. Acqua (1887) illustrated but did not
comment on the cortical bundles of Buxus. The recently described Idio-

spermum australiensis, Idiospermaceae (Blake 1972) also has a cortical

system in the stem. Ogura (1937) noted that some species of Blahdia
(Ardisia) of the Myrsinaceae have a cortical vascular system while others

do not. A cortical system was reported for Rhynchopetalum (Lobelia)

(Bower 1884) without indication of its role in the leaf vascular supply.

A special study is needed of cortical vascular systems, but to the present

ample material has not been available. The general pattern of the re-

lationships of the cortical vascular system to the leaf vascular supply
seems to include these variations: 1. A cortical system may run the length

of the stem without association with the main vascular supply of the

leaf: 2. The cortical system may run the length of the stem, giving rise

to girdling branches at each node, while other branches enter the petiole:

3. The cortical system may originate just above the node and enter the

leaf at the next node.

The only developmental study of cortical vascular systems appears to be
that of Balfour and Philipson (1962) who studied Chimonanthus. Thev
reported that the cortical system developed independently and later than

the principal vascular system in the shoot apex. The cortical sympodia
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are connected laterally and below the node, and each bundle gives off a
branch which goes to the leaf as a lateral trace. Buds in Chimonanthus
are vascularized both by the main system and the cortical system. One
branch from each adjacent cortical bundle divides in the bud to form
the two side cortical bundles of the bud vascular systems.

Medullary bundles have a varied role in their relationship to the prin-

cipal vascular system of the stem and in their contributions to the vascu-
lar supply of the leaf. Metcalfe and Chalk (1950) list 55 families of

dicotyledons in which cortical and/or medulary bundles are known.
Lignier (1887) described the path of medullary bundles in many taxa
of the Melastomataceae. Col (1904), Wilson (1924), Maheshwari (1929,

1930), Davis (1961), and Pant and Mehra (1963) all indicate the com-
plexities of the medullary bundles in the Amaranthaceae, Chenopdiaceae,
Nyctaginaceae, and Polygonaceae.

Medullary bundles may be complete bundles with xylem and phloem
present, or incomplete, in which case they generally consist of phloem tis-

sue alone. Sclerenchyma has not been found in association with medullary
bundles. The medullary bundles of the Piperaceae (De Candolle 1866)
may divide and anastomose with each other, and they may enter the

principal vascular system of the stem or depart from it. Medullary
bundles which enter the principal vascular system before entering the

leaf may be indistinguishable from bundles of the usual leaf traces. In
the Melastomataceae, many medullary bundles often enter the petiole

independent of the bundles of the principal vascular system and retain

a medullary position in the petiole (Plate V, Figure 4).
Tn general, leaf trace bundles depart from the principal vascular system

within the length of the stem that is represented superficially by the leaf

base or leaf scar; i.e.. the bundles make an abrupt angle. Lateral traces

depart from the vascular cylinder and run horizontally around the stem
in the cortex before entering the leaf. On the other hand, the traces may
depart from the the vascular system a considerable distance below the

leaf scar area of the stem and proceed upward in the cortex before enter-

ing the leaf. The terms cathodic and anodic traces have been applied
to the traces to the left and right of the median trace; i.e., those away
from or toward the direction of the spiral of the phyllotaxy. The idea
of the consistent precocious departure of the cathodic trace is not sub-
stantiated. Attempts have also been made in the literature to charac-
terize nodes of various plants on the basis of the number of bundles
which are between the lateral traces or the lateral and the median trace

(Record 1936). In general, the median trace is precocious in relation to

the departure of the lateral traces. The fact that the traces may depart
from a principal vascular system and be free in the cortex can often be
determined by a superficial examination of the stem immediately below
the leaf base. By far the most extreme example of early departure of a
leaf trace is the example given by Johnston and Truscott (1956) of Ser-

jania, where lateral traces may run in the cortex for 17 internodes before
entering the leaf with the median trace.
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Stems which have an opposite phyllotaxy may have the sets of traces

associated with each leaf depart at the same level, or one leaf may be
higher than the other in terms of trace departure. Opposite leaves may
be unilacunar as to their vascular supply, or trilacunar. Opposite or

whorled multilacunar nodes have not been encountered. Whorled leaves

may also be unilacunar or trilacunar. Carlquist (1955) has described a
member of the Compositae with whorled leaves in which traces branch
and a bundle enters the base of each of the adjacent leaves. This occurrence

of a split lateral or a common gap has been reported for a number of

families (Howard 1970).

The presence of stipules requires a special descriptive consideration

to be given later. It is possible for stipules to be vascularized by free

bundles, by branches of a single lateral, or by laterals which run hori-

zontally from their point of origin to the leaf base, fusing en route, and/
or supplying branches which enter the stipules (Ozenda 1948).

Nodal sections may also give some information on the continuity of

latex and resin systems between the cortex and the leaf. The number of

resin canals in the internodal area or in the petiole may be several times

the number of traces, but at the point of departure of the traces from
the stem, only those resin canals associated with the traces persist, and
the number of resin canals at the level of the abscission layer is usually

equal to the number of traces (Artschweger 1943). The nature of the dis-

appearance or the appearance of the intervening resin or latex canals has

not been studied. In general, sclerenchyma caps to individual bundles

will be less conspicuous in the node section than in the internodal or

petiolar section.

Evidence of vascular supply to glands may also be present in the nodal

VARIATIONS ON NODAL PATTERNS

Sinnott (1914) considered the node as a section through the area of

the leaf-trace gap, and gave a list of families of dicotyledons with uni-

lacunar. trilacunar, or multilacunar nodes. In most cases Sinnott reported

but one nodal type per family. A few corrections of interpretation and
a few reports of variations have been published to Sinnott s much
cited work. Sinnott considered the trilacunar node to be primitive. Sub-

sequently Bailey (1956), Ozenda (1948), Canright (1955), Takhtajan

(1969), Pant and Mehra (1964), and Benzing (1967) have arrived

at differing conclusions. Trace number variation has been reported fre-

quently in studies of seedlings where the mature nodal pattern is estab-

lished three or four leaves after the cotyledonary node. Other authors

have shown a variation in mature nodes of the trilacunar and multilacunar

types as an inconsistency in the number of lateral traces on either side

of the median trace. Kato (1966, 1967) reported such variation in Citrus,

Malus, Quercus, and Sorbus, and Philipson and Philipson (1968) found

a variation in Rhododendron.
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Post (1958) studied nodes at successive levels in plants of Swertia
and Frasera where traces varied from 1 to 7 per node with a comparable
number of gaps. This work may be subject to some interpretation in the

nature of the almost rosette-like base with the stem leaves transitional

to bracts of an inflorescence. Personal studies of other Gentianaceae failed

to produce the variation described by Post.

Swamy and Bailey (1949) reported a difference in the node and
trace number between leaves of Cercidiphyllum produced on long shoots

(trilacunar) and those produced on short shoots (three-trace unilacunar).
Their observations cannot be repeated on material from the same tree

where recent studies showed all nodes on short shoots had regular trila-

cunar nodes.

Variations in unilacunar nodes may be encountered when sections are
not examined from a sequence of levels. The double leaf trace found
in many of the cultivated herbaceous Labiatae may show a fusion of the

two traces above or below the level where a double trace is evident. A
third trace may be present, weakly developed between two strong traces,

and may fuse with one or the other of the double-trace bundles or simply
disappear (Swamy & Bailey 1950, Nakazawa 1956, Yamazaki 1965).
In many herbaceous plants with a single gap, the interpretation of the
number of traces is difficult when vascular development is weak. A single,

broad arc-like trace may be interpreted as 2 to 5 separate bundles.
Much nodal variation was reported by Howard (1970) in the case of

the split lateral traces of Alloplectus ambiguus. From originally wild
plants the pattern was altered from a clear-cut split-lateral trace, supply-
ing vascular tissue to opposite leaves, to a situation of two trilacunar nodes
when the plants were cultivated in a greenhouse. Such material was re-

turned to native conditions in Puerto Rico where it has since been re-

examined; in all stems studied the original split-lateral trace was again

Slade's (1952) study of cladode anatomy in New Zealand brooms
showed a variation in the number of traces in successive leaves produced
in a developing seedling. The earliest leaves may have three traces from
three gaps. Later leaves may have pentalacunar or septalacunar nodes,
either by the occurrence of flanking traces outside of the lateral traces,

or by the incidence of interpolating traces inserted between the median
and the lateral traces of extremely flattened stems. A few species showed
both flanking and interpolating traces. Unfortunately, this work does
not show the continuity of traces through the internodes, nor are de-

velopmental studies reported.

In the course of the present study, many possible sources of variation
were considered in leaves of mature stems. At an early stage in the study,

500 leaves and nodes were examined from single trees, involving crown
and base leaves, sun leaves and shade leaves, those of vigorous shoots,
and of short shoots or slow-growing shoots. Leaves were also obtained
from single species, e.g.. Acer rubrum, Acer negundo, from plants grow-
ing in states from Maine to Florida, and west to Colorado. No significant
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variation was found in any instance. Many commonly cultivated tropical

species, e.g., Hibiscus rosa-sinensis, Lantana camara, Nerium oleander,

were obtained from wild material or cultivated plants from temperate area

greenhouses or from botanical gardens around the world, and again vas-

cular patterns proved to be consistent. Ecotypes were also considered,

and no significant variation was encountered.

The patterns of traces and gaps accepted by Sinnott remain a good
descriptive tool of anatomy and morphology. Supplemented with the

accessory data on the vascular supplies of cortical and medullary bundles

when these are present, a section through the node of comparable ma-
terials will yield information of descriptive value.

THE LEAF

A simple definition of a leaf proves to be a difficult exercise, due to the

extreme diversity of morphology. Leaves are generally described as axillary

appendages to the stem, dorsiventrally flattened, with a restricted ter-

minal growth, an interpolated petiole, and primarily a photosynthetic

function. There are many exceptions to all of these descriptive phrases.

Even the relationship of the leaf to the stem remains a philosophic ques-

tion, unanswered morphologically. Are the leaf and stem independent

structures? Are leaves of common phylogenetic origin, or do leaves of

the major taxa of the plant kingdom have diverse origins? Foster (1949)
stated, and many authors have repeated the statement that "it is difficult

on both theoretical as well as practical grounds to demarcate the leaf

from the stem." Leaves and stems are actually integrated portions of

the shoot system without sharp boundaries.

The mature leaf may be simple or compound. Pinnate and palmate
compound leaves are recognized in several degrees of division and modi-

fication. Leaf blades may be entire, lobed. diplophyllous, or peltate. The
distinction between a pinnately compound leaf and a pinnately lobed leaf

may be extremely difficult to ascertain.

The leaf may be sessile or with a petiole of varying lengths. The leaf

may have a pulvinus at the base of the petiole, and also one at the apex

of the petiole. The leaf base may subtend a bud, or nearly or completely

surround the bud. The base may be extended laterally and thus be

sheathing in nature.

Abscission of the leaf may be by means of a layer or layers of cells de-

veloped at the base of the pulvinus, within the pulvinus, or at the apex

of the pulvinus. In simple leaves the lamina may abscise, leaving the

petiole to abscise later, or the whole leaf may be abscised at one time. In

pinnately compound leaves the leaflets may abscise and later the petiole

or rachis, or all may fall as a unit. Decompound leaves may abscise in

successive parts, the ultimate divisions falling first, then successively

proximate divisions, until finally the basal petiolar portion abscises from

the stem. The nature of these ''units" of the leaf has received little prac-

tical or theoretical consideration beyond the original definition of them by
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De Candolle (1868), who classified leaves as unimerous, dimerous, tri-

merous, etc., to polymerous. The areas of articulation, joints or pulvini,

have been noted and classified by Funcke (1929). Needless to say, the
pattern of vascular tissue may be distinctive in these zones. No considera-
tion of the pulvinus development appears in ontogenetic literature.

Although most leaves are recognized as dorsiventrally flattened, i.e.,

bifacial with different morphological characteristics in the cuticle, stomata,
or pubescence, many examples of terete or flattened leaves have been re-

ported and described as unifacial. A classification of unifacial leaves was
proposed by Flachs (1916).

Duration of leaves

Kraus (1880) offers one of the early references to the persistence of
leaves. Some conifers he reported retained their needles as long as 12
years. Dicotyledons often retained their leaves for 2 to 3 years in many
species of Ilex, Fagus, and Rhododendron, with persistence of five years
in Buxus and Hakea. Halle (1966) reported the tropical Schumanniophy-
ton with a leaf retention of 4 years, while Howard (1969) observed Tri-
chilia (Meliaceae) having pinnate leaves of 4-years' duration. Pease
(1917) found that the relatively smaller leaves of Chimaphila and Pachy-
stima were retained in some cases for 8 years.
The petioles of leaves more than one year old usually show secondary

xylem, with some evidence of annual increments. Attempts to estimate
the volume of annual xylem production, or to correlate the amount of
xylem in leaves of comparable age, were not successful.

Samantarai and Kabi (1953) observed the development of secondary
xylem in the petioles of rooted leaves of Amaranthus gangeticus, Chenopo-
dium album, and Ipomoea batatas. Secondary growth in Amaranthus was
initiated outside of the original vascular bundles by accessory cambia
formed in distinct arcs.

Leaf as a Continuum
There is a continuity of the vascular supply from the stem to the

apex of the leaf. The nature of its variations, as revealed in transverse
sections, within the length, is presented in the existing literature in a
very few papers (Acqua 1887, Swamy & Bailey 1950, Nakazawa 1956,
Yamazaki 1965, Schofield 1968, Sugiyama 1972).

For convenience one may consider the traces as departing from the
stem and entering the leaf. The individual traces may separate ordinarily
from the principal vascular system, and be seen in the cortex only im-
mediately below the leaf gap or, in some species, in many varying numbers
of internodes below the leaf gap. In the initial sub leaf-base internodal
section descriptive information may include the nature and number of
the traces; the presence or absence of resin canals or latex systems; the
presence or absence of cortical bundles and/or medullary bundles as well
as fibers or sclereids.
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At the node in the classical anatomical sense, that is, the area of leaf

gaps, one determines the size and nature of the traces, cathodic or anodic
precocity, and the attitude or path of departure of all traces which may
be on a gradual slope or abruptly at right angles to the axis. Only oc-

casionally will traces depart from above the petiole base and curve back-
ward, even running down the stem cortex (De Fraine 1913, Fahn 1967).

Lateral traces, if present, usually run an abrupt nearly horizontal path
and, when sheathing stipules are present, may produce branch traces

which enter the stipular sheath.

The leaf base in the mature leaf may be of restricted development, or

large and sheathing. Most leaves have a kidney-shaped scar with the

axillary bud in the sinus. The leaf base may completely surround the

bud, or a protuberance of unattached tissue may complete the circular

protection of the axillary bud.

A pulvinus may be present at the base of the leaf and vary greatly in

size and shape. Normally, the pulvinus is of greater diameter than the

petiole above it. The pulvinus is regarded as an area of flexibility, as is

evident in the "pouring out" leaves of tropical plants or those with nastic

movements (Satter & Galston 1973). The pulvinus has a large amount
of cortical tissue, a relatively small amount of vascular or supportive tis-

sue, and appears to lack completely cambial activity or the development
of sclerenchyma.

The petiole may be present or absent. If a leaf is sessile, that is, with-

out a petiole, the basal area of the leaf often shows the same arrangement
of bundles as does the pulvinus. The petiole is understood to be an area

interpolated between the blade and the leaf base in development. The
word pulvinus is applied arbitrarily to simple leaves as well as compound
leaves. In pinnately compound leaves, the petiole is between the leaf

base and the first leaflet or pair of leaflets. The remainder of the axis

which bears leaflets in a pinnately compound leaf is referred to as the

In palmately compound leaves, the petiole is between the leaf base

and the area of origin of the leaflets. Leaflets of pinnately or palmately

compound leaves may have petiolules.

Transverse sections, taken successively from the base of the petiole to

its apex, reveal the variations in number, position, and arrangement of

the traces (Plates II-VII). The lower end of the petiole is supplied with

a characteristic number of traces, but successive sections reveal that these

may remain independent, fuse, divide, or be rearranged, with changes

in orientation. The petiole vasculature is most complex at the geographic

middle of the petiole where there is the greatest amount of secondary

tissue if a cambium has developed, and the greatest amount of collenchyma

or sclerenchyma in the cortex and the pith of the petiole. Near the upper

end of the petiole, the vascular pattern which has developed from the

basal orientation may be undone in an exact reversal of its formation.

Thus, in some simple leaves an upper pulvinus is present with a vascular

pattern comparable to that of the lower pulvinus. In other leaves with-
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out an upper pulvinus, the vascular pattern of the petiole continues into

the midrib until interrupted by the departure of primary veins.

Dormer (1972) concluded that a common feature of leaves in which
separate strands exist in the petiole is that these should be linked by a
massive collar or bridge of vascular tissue in the leaf base. This collar

is often situated at the upper end of a stipular or sheathing region. He
added that "in many compound leaves a similar type of cross connection
may be associated with the attachment of each pinna."

Palmately compound leaves usually have such a plexus of tissues at

the apex of the petiole, and it appears that each petiolule receives a sup-
ply of vascular tissue from each of the original traces. Palmately com-
pound leaves have been associated with unilacunar, trilacunar, or multila-

Peltate leaves may have a relatively simple vascular pattern at the

apex of the petiole, or one of great complexity.

Within the base of the leaf blade, the vascular pattern of the midrib
is re-established in complexity if the petiole pattern was simplified in the
upper pulvinus. The pattern of vascular tissues in the midrib is inter-

rupted by the departure of the primary veins in a palmate or pinnate fash-

The distinctions between deeply lobed leaves and pinnately compound
or palmately compound leaves are arbitrary. Normally, if a leaflet is

attenuated at the base to a petiolule which develops an abscission layer,

the leaf is considered as compound. Compound leaves may be associated
with unilacunar nodes, although most appear to be associated with tri-

lacunar nodes. In general, a leaflet of a pinnately compound leaf re-

ceives its vascular supply from branches of the median and one lateral

^
Diplophyllous leaves may vary considerably in the amount of vascular

tissue which enters the secondary laminae.
The amount of vascular tissue in the midrib of the leaf or leaflet is

greatest at the base of the blade, and is progressively diminished as veins
are produced. Normally, some vascular tissue, usually from the median
trace, continues to the ultimate apex of the leaf blade. In some pin-
nately compound leaves the ultimate terminal leaflet may abort, yet a
vascular supply is evident in the rudiment. The mucro of the fused leaf-

lets of Bauhinia is vascularized by the median trace.

THE PETIOLE

The petiole is interpolated in the development of the leaf. Studie
its elongation are relatively few. Masuda (1933) studied this exten
in woody and herbaceous plants in the botanical garden at Tokyo. He
divided young petioles into equal portions with India ink marks, and
followed the elongation of each section. Three types of patterns of elon-
gation were revealed in his studies, but no attention was given to the leaf

base or the pulvinal areas. Type "a" had each zone elongate almost
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equally. In type "b" the upper zone of the petiole showed a conspicuous

elongation; and in type "c" the lower zone showed a greater amount of

elongation. Most of the study was made in May or June, although one

report is for a study conducted during October. Growth was completed

in as few as 6 days.'or over a period of 51 days. Type "b" was regarded

as the most common type with elongation ceasing from the base upward

in a time sequence. Tchoun (1923) has shown that the petiole in the

majority of plants completes its elongation before the lamina reaches its

Studies were made in Boston, Massachusetts, of woody plants in the

Arnold Arboretum, and revealed additional growth patterns that cannot

be associated with the data given by Masuda. Using plants growing out

of doors, young petioles were marked as closely as possible with India

ink from the axil of the leaf base to the base of the lamina. With the

exception of Liriodendron tulipifera, all leaves completed the elongation

of the petiole in a period of 12 to 15 days. In general, the petioles ap-

peared to increase in length in such a way that the middle of the total

length of the petiole increased fastest in length and stopped its growth

earliest. The expansion and cessation proceeded in a wave from the mid-

dle of the petiole to each end. The apex of the petiole, especially if a pul-

vinus was present, and the base of the petiole increase in length the least

or not at all. Liriodendron tulipijera in the Boston area continues to pro-

duce leaves until growth and development are stopped by frost. The

upper quarter of the petiole seemed to continue elongation as in the type

"b" described by Masuda for Liriodendron and Firm'tana.

The geographical middle of the petiole of leaves of most plants in the

Boston area appears to increase in size first and reach maturity the

earliest. This is shown internally by the amount of lignified tissue re-

vealed by a phloroglucinol stain. A cambium may develop first at the mid-

dle of the petiole, and sequentially toward each end. being absent in the

pulvinus areas. Comparable developmental patterns of sclerenchyma were

observed. The pulvinal areas show the least elongation and no develop-

ment of secondary tissues or of sclerenchyma.

Further support for Masuda's type "b" may be found in the statement

of Funcke (1929) that some petioles are able, if necessary, to elongate

themselves even after the adult stage is reached. Yin (1941) recorded

growth in the length of the petioles of Carica papaya associated with di-

urnal movements of the leaves from a flexed to an upright position. The

petiole was shown to grow on the lower side during the morning hours,

and on the upper side during the evening hours, thus changing the atti-

tude or position of the leaves.

Within a seasonal-unit such as occurs in a temperate tree, the lowest

leaves may have shorter petioles than those of the middle of the growth

unit, and the upper leaves may also have petioles comparatively reduced

in length. Anisophylly of leaves and of petioles of many plants with de-

cussate leaves has been reported by Heinricher (1910), Cook (1911),

Sinnott and Durham (1923), and Howard (1970). Thus in most species
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of Acer, the leaves borne in the horizontal plane have petioles of equal

length, but those of the vertical pair have a longer petiole in the lower

leaf than in the upper leaf of the pair. Anisophylly of opposite leaves in

such families as the Gesneriaceae and Urticaceae is characteristic of the

family and reveals leaves and petioles of different sizes in the pair. No
structural differences between the leaves or in the petioles of such plants

have been reported. Leaves of two different morphological forms have

been reported for single plants as heterophylly. Transitions from juvenile

leaves to mature leaves may be gradual or abrupt. There appear to be

no differences in the anatomical structure of such variants.

Superficial observations on the petiole are of descriptive and taxonomic

value. These may include the length, color, presence or absence of upper

and lower pulvini, presence or absence of stipules, glands, thorns, colla-

tors, pubescence, etc. The adaxial surface of the petiole may be grooved

for various distances, and the petiole may be slightly ridged to strongly

winged along the groove. Sections of the petiole reveal a characteristic

outline which will vary from the base to the apex of the petiole.

Descriptions of Vascular Patterns in the Petiole

The earliest known recognition that a section of a petiole would re-

veal different patterns of vascular bundles was made by Grew in 1675

when he illustrated ten schematic cross sections of petioles.

In 1868 De Candolle had proposed a theory of a leaf, likening the

structure to that of a stem. The first comprehensive survey of petiole

anatomy was that published by Casimir de Candolle in 1879. His survey

of twenty "families" led him to describe several fundamental concepts

of the vascular structure he encountered. De Candolle proposed the ter-

minology of an open system (systeme ouvert) versus a closed system (sys-

teme ferme). In the open system the bundles, as seen in cross section,

were arranged in an arc. In the closed system the bundles formed a circle

comparable to that of the stem. The bundles could be free or united. The

system was invariably open at the base of the petiole, and could become

closed in the petiole and again open in the midrib or in the petiolule of

a leaflet. De Candolle also recognized a principal system (systeme prin-

cipal, systeme essentiel), and an accessory system (faisceaux detaches), the

latter composed of "faisceaux intracorticaux" and/or "faisceaux intra-

medullaires." The medullary bundles could have the same orientation as

those of the principal system or be inverted. It should be noted that the

cortical and medullary systems of De Candolle referred to the petiole alone,

and were not correlated with such systems or bundles in the stem. De
Candolle classified the bundle arrangement in the families he studied.

He noted that groups of species in Acer, Alnus, A escuius, Mallotus and

others might have one system or the other. His division of species of Fagus,

for example, would today represent the differences between Fagus and

Nothojagus. Noting the variation in pattern encountered in a series of

sections from the base of the petiole to the apex of the blade, De Candolle

suggested that the most reliable comparative section could be obtained at
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the first "meriphylle," that is, the interval of the midrib between the de-

parture of the first and second primary veins.

In the decade that followed, Vesque (1885), Petit (1886, 1887,

1889). Lignier (1888) and Acqua (1887-88) added examples, ideas, and
variations in terminology to the knowledge of petiole vascular patterns.

Vesque (1881, 1885) appears to be the first worker to suggest that the

most reliable single section for comparative purposes be taken from the

middle of the petiole. He studied a number of families and used the

petiole anatomy to separate genera and families formerly united.

Petit (1886), working in France, and Acqua (1887), working in Italy,

conducted broad studies of petiole vascular patterns and published their

studies competitively. Petit's study involved five hundred species in three

hundred genera of forty-eight families. He recognized differences in pat-

terns along the length of the petiole and stated: "it is in a terminal sec-

tion that there will be presented for each plant the disposition most com-
plicated and most regular which offers from one plant to another the

greatest differences. It is, of consequence, the section most instructive.

I have given this the name of the characteristic, for in many cases it will

be sufficient, in order to recognize the family of the plants, and in some
cases, its genus." The names "coupe initiale" for the basal section and
"coupe caracteristique" for the apical section are attributable to Petit.

His work included as a resume a key to the principal families of dicotyle-

dons he studied on the basis of petiole vascular structure. Petit proposed

a variation on the use of "open" and "closed" systems from that suggested

by De Candolle. To Petit a closed system was one in which the bundles

were fused; and an open system, one in which the bundles were distinct

or separated. Petit felt that herbaceous plants showed distinct bundles

(open) in the "coupe caracteristique," while in shrubby or woody
plants the bundles were fused (closed) in an arc or a ring. He noted that

sclerenchyma was generally lacking in herbaceous plants and present in

woody plants, and placed value for classification on this tissue.

Acqua's study was published in full before Petit's, but following Petit's

brief note indicating what he was doing. Acqua studied 19 families and

proposed a classification of 13 patterns of vascular distribution in petioles.

He correlated the position of the leaves with the vascular patterns; rec-

ognized unilacunar. trilacunar, pentalacunar, septalacunar, and nodes with

a variable but greater number of bundles. His unit number 2 was the

double leaf trace of Phlomis and Lamium. later described as the fourth

type of nodal anatomy by Marsden and Bailey. Acqua also found in the

Compositae examples of bundles from opposite leaves being associated

with a single node, the "split lateral" or "common gap" (Howard 1970).

Lignier (1887) published an extensive monograph describing the stem,

petiole, and leaf vasculature in the Calycanthaceae, Melastomataceae. and

Myrtaceae where cortical and medullary bundles of the stem are involved

in the vascular supply to the leaf. Three-dimensional drawings are used,

and the complexities of the vascular system are described in detail. This

was followed in 1888 by an essay on the vascular system of the leaf and
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the stem of the phanerogams. Lignier stressed the fact that a single section

of the petiole was inadequate for an understanding of the complex pat-

tern developed in the length of the petiole. He felt that the most common

pattern to be found in petioles was the arrangement of the bundles in a

vascular arc. This arc could be a single broad bundle or several bundles.

The arc could be expanded or divided, with extra bundles appearing at

the ends of the arc. He designated the extra bundles as "surnumeraires"

which were called "surnumeraires interieurs" if they assumed a medullary

position, and "surnumeraires exterieurs" if they assumed a position in the

cortex of the petiole. He noted that these corresponded only in some

cases to comparable terms used by De Candolle.

Lignier proposed the idea that as the vascular arc increased in size with-

in the petiole, it would be forced into folds (plis) as the animal brain is

convoluted to increase the surface area. Folds could be to the interior

(pli interne) or the exterior (pli externe), and if portions were separated

from the vascular arc, these would be medullary or cortical bundles of the

petiole. Tf the vascular arc had been a complete circle, and if an arc was

cut off, by foldings, toward the adaxial side, one or more vascular crowns

would be recognized. Foldings with the separation of portions of vascular

tissue could be recognized at the secondary and tertiary level.

Morvillez (1919) accepted the idea of foldings as a descriptive ap-

proach in his study of petiole vascular patterns. He referred to the vascu-

lar bundle pattern seen in a cross section of the petiole as a "chaine foli-

aire" which could be a continuous arc of tissue or composed of separate

bundles. As the arc curved inward at the adaxial ends, a crosier could be

formed, and if portions of the crosier became isolated, internal bundles or

plates of tissue were established in a medullary position. Dehay (1935 et

seq.) and his students have used this descriptive vocabulary. Dehay chose

for his illustrations the 'section basilaire de la nervure mediane."

An extensive survey of vascular structure of the petiole and the leaf

has been published by Watari (1934, 1936, 1939) for the Leguminosae,

Acer, and the Saxifragaceae. Watari considered the entire length of the

vascular tissue from the node through the petiole and the lamina. His

detailed work concerned the many branchings of the traces and their inter-

connections, and is presented with sectional diagrams and complex three-

dimensional reconstructions. For each group Watari proposed a classifica-

tion based on the petiole structure.

Hare (1943), in a symposium on the taxonomic value of anatomical

characteristics, proposed a simple classification of the vascular structure

of the petioles as U-shaped, I-shaped, or O-shaped, the latter being the

hollow cylinder of the petiolar vascular system. Hare related the structure

to the mechanical stress of the weight of the lamina and the lateral move-

ments of the leaf, and thought that the distinctive features of patterns

should be regarded as mainly adaptive and functional, and of little phylo-

genetic significance. He concluded that "characters derived from the

petiole, therefore, can be used with confidence, but their value for pur-
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poses of classification varies widely at different taxonomic levels." The
proposals of Hare were incorporated in the first edition of the Anatomy
of the Dicotyledons (Metcalfe & Chalk 1950) a«

Howard (1963) proposed a preliminary classification relating the nodal

c 1-1. simple trace, tl.it. slightly curved or "U"-shaped.
Trace continuous:

a. Without rib traces— Allamanda (Plate II. figure la).

b. With rib traces — Graptophyllum (Plate II. figure lb).

c. Trace split longitudinally, later fusing— Eugenia (Plate II, figure lc).

Trace forming open or closed siphonostele:

a. Vascular system open, with terminal rib traces— Ilex (Plate II, figure

b. Vascular system open with lateral rib traces — Actinidia (Plate II.

c. Vascular system open, without rib traces— Celastrus (Plate II.

d. Vascular system closed, without rib traces — Terminalia (Plate II.

Trace invaginating at ends:

a. Ends inroll— Lyonia (Plate II. figure lh).

b. Forming siphonostele with medullary plate— Cordia (Plate II, figure

Node 2 or more traces from one gap.

1. Trace bipartite:

a. In petiole— Clerodendron (Plate II. figure 2a).

b. Below petiole — Calycanthus (Plate II. figure 2b).

2. Trace tripartite or more:

a. Bundles free, forming an arc — Hou^ainvillea (Plate II,

b. Bundles fused in an arc — Solandra (Plate II, figure 2

c. Bundles free, in ring— Hernandia (Plate II, figure 2e).

Three bundles throughout the petiole— Pedilanthus (Plate III,

3a).

Lateral traces divide:

Petiole with live free t

Petiole with many tr;

ring with medullars' bundles— Aesculns (Plate III.

i ring without medullary bundles — Sambucus (Plate

s and the division products assume a dorsal position—
:3f).
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Node 3-3, bundles fuse to form an arc.

1. Bundles fuse and form an arc, flat or variously curved— Lonicera, Betula
(Plate III, figure 3g).

2. Bundles fuse and form a flat arc with dorsal free traces— Cornus (Plate
III, FIGURE 3h).

3. Bundles fuse and invaginate at ends— Congea (Plate III, figure 3i).

Node 3-3, bundles fuse to for

fusion of traces— Cotinus (Plate HI, figure
3j).

i>. Formed subsequent to division of the median, the branches of which
form dorsal bundles— Acer (Plate III, figure 3k).

Vascular system with accessory bundles:

i. One accessory large bundle situated dorsally— Hamamelis (Plate III.

FIGURE 31).

3. Small multiple accessory bundles dorsal in position— Carya (Plate

:. Accessory bundles in medullary position— Bauhinia (Plate III,

many medullary bundles or plates—
Quercus, Tilia (Plate IV, figure 4a).

2. Siphonostele invaginating forming included or dorsal accessory bundles —
Fagus (Plate IV, figure 4b).

3. Siphonostele formed, then lateral invaginations giving rise to dorsal,

smaller siphonostele or plate over "U"-shaped arc — Carpinus (Plate

4. Polystelic types:

a. Axillary bud included, petiole not compressed— Platanus type.

b. Axillary bud not included, petiole compressed— Populus type (Plate
IV. figure 4d).

Nodes multilacunar, many traces from equal number of gaps.
1. Traces remain free:

a. Bundles form ring or "U"— Ricinus (Plate IV, figure 5a).

b. Bundle pattern invaginates

c. By anastomosis forming i

2. Traces fuse:

a. Ring simple— Dendropanax (Plate IV, figure 5d).

b. Ring with included bundles— Macaranga (Plate IV, figure 5e).

Subsequent work has shown that this classification covers the majority
of vascular system patterns found in the dicotyledons, but not all of the
possible combinations with other characteristics. Variations have been
found in genera suggesting that the use of family or generic names for

the various patterns is not desirable, and the use of serial numbers would
soon become unwieldy. Even the terminology used presents difficulties.

In a single section the vascular tissue of a petiole may exhibit a com-
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plete cylinder, but this is not a eustele at that level, nor a siphonostele in

relation to other sections. Invagination and inrolling are terms of motion
visually descriptive, but confusing if considered developmentally.

Although previous workers have differed in their opinions on the taxo-

nomic value of the anatomy of the node and the petiole in the recogni-

tion of taxa, it is possible to use a combination of characteristics to devise

a key to sterile material of a local flora and probably to families and
genera of dicotyledons. Such a dichotomous key would involve a great

many characteristics, and some of these would be repeated in several cate-

gories. For example, a simple flat arc in the petiole might arise from a

unilacunar node or a trilacunar node, while the relatively simple "U"-
shaped pattern of vascular tissue in the middle of a petiole could be as-

sociated with a unilacunar, trilacunar, or multilacunar node (Plates II-

IV). The same characteristics are involved in compiling a description of

the vascular system extending from the internode to the leaf tip.

The following characteristics are a few of many that would be useful

descriptively:

Internodal area: Cortical or medullary bundles present or absent.

Nodal area per leaf: Leaf gaps one (unilacunar i, three ! trilacunar), or five or

more (multilacunar) with additional consideration to the number of traces in

each gap as represented either by protoxylem strands or metaxylem.
Leaf position: Opposite, alternate, orixiate. whorled; distichous or decussate.

Leaf form: Simple, compound including sub-units for pinnate or palmate with

bi- or tri-compound as well as unifoliate types. Leaves entire or lobed. Ve-

nation equally pinnate or pli-nerved or palmately veined.

Stipules: Present or absent; type and position.

PULVINTJS: Present at the base or apex of the petiole, or both, or neither.

Petiole: Length; characteristics such as terete, flattened, grooved, winged, or

Petiole structure: Basal or apical vascular cross-zone networks present or

absent. Traces free or united; branched or unbranched. reticulate equally or

unequally. Bundles collateral or bicollateral. complete or incomplete. Traces

in arc, ring, with accessory bundles to the petiole stele as rib bundles adaxial

plate or stele; or as medullary bundles.

A great many individual papers over the years have illustrated the

vascular pattern of the petiole by diagrams, camera lucida drawings, or

photographs. In interpreting any one of these publications, it is necessary to

determine where the section was taken; i.e.. as a
lcoupe initiale." the

middle of the petiole, a "coupe caracteristique," or a section in the "meri-

phylle."

When diagrams are given indicating the relationship of the vascular

bundles, the method of indicating various traces is fairly standard with

variations only in the language or abbreviation used. Thus, traces seen in

cross section are usually distinguished as median, lateral, and ventral, and
commonly indicated as M for the median and M1 for branches of the

median; L, Lg or Ld for the laterals as "gauche"
7

or ''droit" with branches

of the laterals being LI, L2, L3, etc. Bundles in an adaxial position rel-
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ative to the median and laterals may be designated as A, Ad, or V (ven-

tral) without specific reference to their origin, which may be from inde-

pendent gaps as distant laterals, as branches of the median, or of the

laterals.

THE ROLE OF THE TRACES

In most herbaceous dicotyledons and in some families considered woody
(Euphorbiaceae, Urticaceae, Saxifragaceae, Ranunculaceae) the principal

traces which enter the base of the petiole remain distinct until they reach

the blade. Interconnecting branching may be present but is minimal.

Even when the individual traces are broadened by the development of

a cambium and the addition of secondary tissue, careful observation of

the points of primary xylem will permit the identification of the traces.

In general, the median trace is either unbranched in the petiole or may
produce branches which move to a medullary or adaxial position, the

latter remaining free, or fusing to form a single adaxial trace, or being

incorporated in the vascular ring of the petiole. The median trace of a

trilacunar or higher type of node does not generally contribute to the

vascularization of veins of the lower part of the blade. Often the median
trace and its adaxial branches may extend and be recognized to the apex

of the lamina (Sugiyama 1972).

In a trilacunar node the lateral traces may remain independent of the

median trace or become intimately associated with it. If the median trace

formed branches which are seen in an adaxial position, the lateral traces

will be interpolated into the interstices of the vascular pattern formed by
the median trace (Plate III, Figure 3k). In a trilacunar node of a plant

having stipules, the lateral traces may enter the stipules or supply only a

branch which enters the stipules. Within the lamina the lateral traces tend

to supply the vascular tissue of the basal veins, the basal lobes, or the

vascular system from 1/3 to 2/3 of the basal portion of the lamina, while

the median trace supplies all of the vascular tissue of the upper portion of

the lamina. In pentalacunar or septalacunar nodes the outer lateral traces

supply the lower veins or the lower lobes of the lamina successively.

Although the median trace is usually the dominant trace in the petiole,

it may also be the first eliminated. Swamy and Bailey (1950), Nakazawa
(1956), and Yamazaki (1965) describe the median trace in Sarcandra and
Cklorantkus as an unbranched trace which becomes progressively indis-

tinct in the costa and ultimately disappears before reaching the apex.

Yamazaki (1965) pointed out that in Liriodendron the median trace had
little relationship to the lateral venation of the leaf. Bailey and Swamy
(1949) described a double trace condition in the petiole and blade of

Austrobaileya. The traces originated from different parts of the "eustele"

and remained independent to the apex of the blade. Kadi hundlr supplied

lateral branches as veins for the leaf. Trimcnia (Money et al. 1950) also

had a double trace in the petiole, while Piptocalyx (Monimiaceae) ex-

hibited two traces at one gap and four at the other of a pair of opposite
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leaves. The two middle traces of the four fused so that the leaf received

three traces. In Ascarina of the Chloranthaceae (Swamy 1953). two

traces occur at the base of the petiole and remain distinct for most of the

length of the leaf blade. The two traces present in the gap area of

Clerodendrum (Marsden & Bailey 1955) divide in the petiole several

times, and the middle ones fuse to form a single strand within the blade.

Some attention has been given by various authors to the orientation of

the bundles within the petiole and the leaf blade. In general, the position

of the phloem relative to the xylem, i.e., peripheral or toward the center, is

of little value in single sections of the petiole. In a series of sections the

changes in orientation are successive, so that a bundle with normal phloem

orientation can be reversed in position a few sections later. The bundles

obviously do not twist in development, but the position of the xylem and

the phloem results from special paths of differentiation of these tissues in

the procambial state.

In multilacunar nodes the distant trace or traces may enter only the

sheathing stipules, contributing nothing to the petiole or the leaf blade, or

may enter the edges of the sheathing leaf base.

Methods of study of Petiole Anatomy
The vascular pattern of the petiole is of value as a taxonomic character

useful in the identification of taxa. The systematic level of the taxonomic

value does vary from one taxon to another. In some cases families can be

recognized ; in other cases genera, species, or varieties can be distinguished

on the basis of the petiole vascular patterns.

The second edition of Metcalfe and Chalk's Anatomy of the Dicotyle-

dons will contain descriptive information of petiole vascular patterns, and

illustrations of these for all of the families recognized. Most of the pat-

terns have been obtained from fresh material or material collected and

preserved in alcohol.

To obtain the vascular pattern in three dimensions, a mature leaf is

selected, and sections are made progressively from the internode and then

through the node, the petiole, and the blade. The first series of sections

taken at random intervals along the axis will determine where the criti-

cal areas of pattern change occur, although these can be expected at the

node, immediately above the basal pulvinus, at the upper pulvinus or the

base of the blade, at the point of attachment of leaflets, or at the depar-

ture of veins. Sections can be cut freehand with a straight razor or a

single-edged razor blade, and stained in phloroglucinol and hydrochloric

acid. This temporary stain does not work well on material preserved in

any amount of formalin including FAA. No permanent slides are ob-

tained by this method.

Phloroglucin stains lignified tissues, but often does so differentially. Sri-

vastava (1966) has indicated the nature of the variation of this staining.

Some plants such as members of the Thymelaeaceae assume a weak
coloration with phloroglucinol or none at all.

In many cases neither fresh nor preserved material was available, and
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herbarium specimens were used. This obviously restricted the amount of

material available for study, and required critical initial sectioning. The
herbarium material was softened in boiling water or by soaking in sodium

hydroxide. Woody portions often required softening in hydrofluoric acid.

The standard technique of embedding, sectioning, and staining for per-

manent slides was also employed, especially for material difficult to ob-

tain, to process by hand, or to interpret. Occasionally longitudinal sec-

tions are necessary for one or several angles of approach. Clearing and

selective staining methods were also used.

Although this work has been in progress for twenty years and has in-

volved a great many technicians, the number of species studied has been

a relatively small proportion of the dicotyledons. I do appreciate the as-

sistance of many people in preparing nodal-petiole patterns, and of many
individuals who supplied material; and also the cooperation of innumer-

able directors and curators of botanical gardens and herbaria, who gave

permission for me to obtain living material or fragments from herbarium

specimens.

More problems are evident in the data presented. Hopefully, individu-

als with access to abundant material and with sufficient time will under-

take the clarification of such problems. For all who attempt to use this

type of information, I can only stress again the need to visualize in three

dimensions what is illustrated most frequently in only two.

Although the presence or absence of the stipules, as well as their form,

has long been used as a diagnostic character in plant taxonomy, the

morphological nature and the origin of the stipule remain obscure. The
stipule is commonly defined as an appendage or pair of appendages at the

base of the leaf. The stipules may be paired or single, equal or unequal in

size, large, foliaceous, and persistent or reduced to a mere protuberance or

a small, readily deciduous scale. Some stipules have been modified to

thorns or tendrils. Stipules are often represented as a stipular sheath,

and may be below the point of attachment of the leaf, well above the point

of attachment of the leaf, associated with the leaf, or free from it, being

axillary (Philipson 1968) to the leaf, on both sides of the leaf attached to

the stem, opposite the leaf, or at varying levels of the pulvinus or the

petiole. Sinnott and Bailey (1914) believed that the stipules were pri-

marily associated with trilacunar nodes, and many authors have indicated

that most stipules are vascularized from the lateral traces of a trilacunar

node.

A fundamental question, unresolved to the present, is whether the

stipules are part of the leaf, or independent structures. Guedes (1972) ap-

parently believes the stipules are comparable to portions of the leaf blade
or leaflets, for he stated: "a. petiole generally occurs because of intense

intercalary growth either below the lowest pair of leaflets and the leaf is

exstipulate or between the first pair of leaflets from below and the second
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one. The lower pair (of leaflets) is then isolated near the leaf insertion and

becomes a pair of protostipules. It rises to the state of true stipules when

proleptic development is obtained. . . . The petiole can also develop

above several pairs of leaflets and there are then several pairs of stipules."

Regel (1843), Agardh (1850), Clos (1879), and Tyler (1897) have all

suggested the independence of stipules from the foliage leaf in nature as

well as in development. More recently Croizat (1940) proposed that the

two stipules are basic structures, and between them a "dab" of meristem

is found. Croizat refers to this meristem as a primary nerving center which

may develop into a foliage leaf.

Examples of the seemingly independent development of stipules and

the foliar leaf are many. A shoot developing from a dormant bud may

produce successively cataphylls, lobed stipule-like structures, similar

lobed structures with a nonpetioled lamina, and finally a normal petiolate

leaf with basal stipules (Furuya 1953). Many authors have used the illus-

tration of Ribes showing the retarded development of the leaf blade in

successive stem appendages. Here the bud scales are clearly stipules, with

the petiole and abortive leaf blade represented by a ridge, or a ridge and

a small appendage. Fahn (1967, p. 194) gives an illustration of bud

scales of Vitis vinijera where each pair of stipular scales has an included

leaf. Large stipules with a rudiment of a leaf attached protect the buds in

species of Magnolia. Large foliaceous stipules are often precociously de-

veloped in the Leguminosae. The seasonal growth of Ilex laevigata ends

abruptly in transition from the normal foliage leaves with two minute

gland-like basal stipules to an organ of three structures, the outer two

comparable in size and shape to the stipules of the preceding leaf, and

the middle one no larger in size and of the same shape, but in theory the

primordium of the foliage leaf.

Traces which vascularize the stipules may be the complete lateral traces

(Furuya 1953) or branches of the lateral traces of a trilacunar node

(Bailey & Sinnott 1914). When the leaves are opposite at the node, e.g.,

in manv Rubiaceae, the stipules of adjoining sides of the opposite leaves

may be variously united, sometimes with a bifid apex or tapering to a

single point (Howard 1970). The vascular supply to these conspicuous

interpetiolar stipules may come from the sides of the single arc-like trace

of each leaf. The branch bundles run horizontally or at an angle into the

stipules, and may remain independent. In multilacunar nodes the leaf

may be vascularized primarily by the centrally located vascular bundles,

with small traces departing from the lateral nodes, running horizontally to

the leaf base while giving rise to vertical bundles which vascularize the

stipules. In some sheathing stipules (Ozenda 1948. Sugiyama 1972). the

bundle or bundles most distant from the median trace may enter the

stipules without connections with other bundles or with the leaf itself

(Plate T. figure li). Sugiyama (1972) reports the bundle opposite the

median trace in Magnolia virginiana may branch while remaining free

and be noncontributory to the leaf itself.

The bundles of stipular sheaths which are above and free from the leaf.
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as in Platanus, may be vascularized by traces completely unassociated

with any vascular supply to the leaf. So, too, with stipules which are

borne on the side of the stem opposite the leaf scar (Ricinus), or borne

below the leaf (Cui

GLANDS

The presence and nature of foliar glands has been recognized as a use-

ful taxonomic character (Gregory 1915, Dorsey & Weiss 1920). Zimmer-
man (1932) has given an extensive systematic survey and classification of

extra-floral nectaries. Schnell, Cusset, and Quenum (1963) also supplied

a broad survey of foliar glands with a classification, with suggestions on
the phylogenetic origin of glands, and with some anatomical details.

Glands can occur on the pulvinus, stipules, petiole, or blade in various

positions. They can be sessile or stalked, and with or without vascular

tissue. Bernhard (1964) found the petiolar glands in certain Euphor-

biaceae to be present in the primordium, and compared the glands to other

lobes of the lamina. Dorsey and Weiss (1920) also considered the

gland to be the equivalent of a portion of the blade, and Messager (1886)
earlier had proposed the origin of the gland as an abortive laminar struc-

ture. Schnell and Cusset (1963) regard the glands as nonfoliarized "ele-

ments foliaires," or the homologues of lobes of the lamina. Cusset (1965)
later proposed the term "metamere" for the "article foliaire" in a con-

notation differing from that used earlier by De Candolle. He suggested

the primitive leaf was a single metamere glandularized at the apex, while

the foliar leaf of most plants is to be regarded as a compound product of

several metameres with the glands persisting or lost in the evolutionary

The petiolar glands may be associated with simple or complex petiolar

vascular patterns arising from unilacunar or trilacunar nodes. The ma-
jority of vascularized glands receive their vascular supply from the lateral

traces or their derivatives, as sequential lateral traces or rib traces. The
very large glands of Pithecellobium obtained a vascular supply from the

adaxial bundles of the complex petiole vasculature (Elias 1972).

PHYLLODES

The term phyllode literally means leaflike, and has been applied in plant

morphology in a variety of ways to flattened photosynthetic petioles; to

rachides of compound leaves which have lost their leaflets; and to a quan-
tity of dissected leaves with terete segments. A flattened leaflike stem
may be termed a platyclade, a phylloclade, or a cladode.

The phyllodes of species of Acacia may be genetically without leaflets,

or in maturation fail to develop leaflets, or lose the leaflets by abscission

at various stages of development. Boke's (1940) study of the laterally

(vertically) flattened phyllodes of several species of Acacia revealed fun-

damental differences in development, including the dominance of the
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adaxial meristem in producing the flattened organ. A short pulvinus was

present, as were stipules. The orientation of the vascular bundles simu-

lated the pattern present in the petiole of other leaves. Boke concluded

that the phyllode was homologous to a petiole-rachis of a pinnately com-

pound leaf. The initial three vascular traces in the phyllode are supple-

mented with interpolated bundles. Slade (1952) reported a similar inter-

polation of traces in cladodes of several New Zealand brooms. Peters

(1912) recognized three types of phyllodes in Acacia which he termed

" Platentypus," "Binsentypus" (rushlike), and "Ubergangstypus" (transi-

tional types). Phyllodes in species of Oxalis, e.g., 0. jruticosa, O.

ptychochala, represent the petiole of a palmately compound leaf which

has lost the leaflets in development.

Articulated leaves have been described and illustrated for several fami-

lies (Troll 1939). The "Gelenkknoten" of Polyscias species are clearly in

the position of leaflets lost phylogenetically or ontogenetically from terete

rachides. since one or more foliage leaflets are present. Species of Citrus

occasionally show a similar articulated form. Troll (1939) illustrated the

articulated phyllode of Phyllarthron (Bignoniaceae). Saha (1952) studied

Phyllarthron commorense and concluded the "leaves are simple, petiolate

with segmented blades." He denied the existence of articulation within a

leaf, ignoring the frequent occurrence of such segments in the Bignoniaceae.

Phyllarthron should be re-examined to determine if it is not a compound

leaf which has lost or not developed pinnae.

Kaplan (1970b) has studied the development of the "rachis-leaves" in

two genera of the Umbelli ferae, and concluded that these terete leaves

with septae are the equivalent of the rachis of a pinnately compound leaf

with the appendages reduced, transformed pinnae which function as

hydathodes.

Terete leaves have often been described as unifacial leaves. A cross

section of the leaf may reveal the bundles are arranged in a circle with

the phloem of each trace oriented to the periphery. Stomata may have a

uniform distribution around the leaf surface, rather than be limited to

the abaxial surface as in most dorsiventrally flattened leaves. Flachs

(1916) proposed a classification for leaves of plants in the Australian flora

which are terete or nearly so, and recognized "aquifacial" (laterally flat-

tened), "unifacial." "bifacial." and "transitional" types. The classifica-

tion was based mainly on the orientation of the bundles. The abrupt

transition from a laminar leaf of Hakca (Proteaceae) to the dissected leaf

with terete segments is shown by Troll (1939). Franklandia fucifolia

(Proteaceae) is commonly cited as an example of foliar dichotomous divi-

sions in terete or unifacial leaves.

EPIPHYLLOUS IXFLORESCEXCES

Flowers may be borne on leaves as single flowers or in inflorescences, and

ive been described as epipetiolous. epiphyllous. or hypophyllous accord-

ig to their position; an epiracheal type should be recognized for com-
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pound leaves (Plate VIII). Johnson (1958) has supplied a modern list-

ing of 20 genera in 10 families, to which the Chailletiaceae should be

added.

Payer (1890) concluded that the leaf and its axillary flowering branch

were fused when flowers were borne epiphyllously. De Candolle (1890),

after studying the vascular structure of the petiole and the blade, con-

cluded instead that the epiphyllous inflorescence was of foliar origin. Stork

(1956) debated whether the flattened structures bearing flowers might be

considered "cladophylls." Melville (1962) regarded the epiphyllous in-

florescence as evidence of his proposed primitive "gonophyll."

The hypophyllous inflorescence of Erythrochiton hypophyllanthus

(Rutaceae) is apparently unique in the Angiospermae in bearing a flower

on the lower side of the lamina (Engler 1897). Melville (1962) stated

that "above the insertion of the inflorescence there is nothing unusual in

the structure of the midrib. Below the flowers, the midrib bundle lies

above and quite distinct from the vascular strands supplying the inflores-

cence. It is evident that in Erythrochiton the inflorescence is truly adnate

to the lower surface of the leaf." No specimens are available to me for

further examination of the vascular supply within the petiole to deter-

mine the origin of the traces supplying the inflorescence. Whether these

are axillary to the leaf bearing the inflorescence or are from the subjacent

node is not known.

Epipetiolar inflorescences are reported at the base of the petiole, along

the petiole, or at the apex of the petiole. Johnson (1958) has shown that

the epipetiolar inflorescence of Turnera ulmifolia originates as a branch

trace and becomes associated in the petiole, but is not fused with the

vascular supply of the leaf. He concluded that "the epiphyllous inflores-

cence in Turnera is axillary in origin, and through subsequent growth

in the foliar buttress is displaced to a petiolar position ... 10 out of 13

species of Turnera examined have epiphyllous inflorescences which orig-

inated in the axil of a foliar primordium." Prance (1972) described the

vascular patterns in the petiole of several taxa of the Dichapetalaceae in

which the inflorescence is borne at various positions on the petiole or well

up on the midrib. He recognized "floral bundles" or "inflorescence trace"

as distinguishable from "leaf bundles" or "leaf traces" in both sterile and

fertile leaves. Although he stated "the floral bundles definitely arise from

the leaf bundle within the petiole rather than in the stem" (p. 9), he stated

later (p. 12) that "the presence of floral bundles in some sterile petioles,

and the separate nature of the floral bundle, demonstrate that the posi-

tion of the inflorescence has arisen by a gradual fusion of the peduncle

with the petiole rather than being a true epiphyllous inflorescence."

Halle and Delmotte (1973) have illustrated the difference in vascular

patterns within the inflorescence axis and the petiole from which the in-

florescence arose in the epipetiolar member of the Gesneriacae, Epithema

tenue. Regrettably they do not show the relationships of individual

bundles, or the origin of the vascular tissue supplying an axillary bud

present between the inflorescence axis and the petiole.
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Van Steenis (1961) described the "flowers serially bursting forth al-

most the entire length of the hypocotyl (petiole)" in Moultonia singularis

(Gesneriaceae), and Letouzey et al. (1969) show several inflorescences

arising from the long petioles of Mocquerysia multiflora (Flacourtiaceae).

No data are given in either case for the vascular structure of the petiole.

Barth (1896) studied various species of the Dichapetalaceae in which

petiole-borne inflorescences were present ("fertile leaves") or absent

("sterile leaves"). In the petioles of "fertile leaves" he found a stem-like

vascular structure, the adaxial portions of which formed the vascular

supply to the inflorescence. Such leaves may also have an axillary bud.

In some "sterile leaves" the petioles also had an adaxial vascular supply

comparable to that of the "fertile leaves." In others, the petiole had only

a simple arc of xylem and a bud in the axil. Additional species were inter-

mediate between the two extremes. Barth accepted the idea that the

epiphyllous inflorescence was a congenital accrescence of the petiole with

the floral peduncle; and although the bundles were of a foliar origin, con-

cluded that the inflorescence is nothing more than one bud of several

which might be produced in the axil. Stork (1956) concluded from his

studies that "various degrees of coalescence prevail in species of Dichape-

talaceae where inflorescences are borne on the petioles.'" To Melville (1962)

"the sequence of vascular structures to be observed in the Chailletiaceae

provides no evidence for adnation . . . but rather, it shows the last stages

in the disengagement of the fertile branch from its leaf."

All of the inflorescences borne on leaf blades have been reported for

simple leaves with the sole exception of Chisocheton pohlianus (Mdia-

ceae), which may bear clusters of flowers in the axils of the pinnae of

a pinnately compound leaf. Another species of Chisocheton is now known

in which a simple or branched racemose inflorescence develops from the

rachis of the compound leaf (Peter Stevens, pers. comm.). Harms (1917)

illustrated a specimen with flowers borne in the axils of three pairs of

leaflets. The illustration also shows an axillary bud at the base of the

leaf, and immature pinnae at the apex. Contrasting is another shoot il-

lustrated with an axillary racemose inflorescence and a separate pinnately

compound leaf. No anatomical data are offered by Harms on the relation-

ship of the vascular supply of the epirachial inflorescence to that of the

rachis and the leaf blades' Melville (1962) refers to a "new species of

Chisocheton" in which sections of the rachis were cut to reveal a "stem-

like structure below the insertion of the inflorescence and leaf-like struc-

ture above." Considering the complex vascular patterns found in the

rachis of leaves of the Meliaceae. this statement by Melville is unreveal-

Flowers that are borne on the simple leaf blade are generally associated

with the midrib or proliferations of it in pinnately veined leaves. Possible

exceptions are found in Peperomia foliiflora, in which the inflorescences

arise from the base of diverging palmate venation. No material is avail-

able for anatomical investigation. Data are also wanting for the epiphyl-
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lous palmately veined leaves of Begonia prolifera and Begonia sinuata

cited by Johnson (1958).

The flowers may be at one of several positions along the blade, being

near the middle of the length of the blade or along the extreme portions

of it, even at the ultimate apex. Letouzey et al. (1969) concluded that

the relative position of the inflorescence may vary and is without taxonom-

ic significance. They further explain the presence of a large bract sub-

tending the epiphyllous inflorescence of Phylloclinium bracteatum as an

example of hyperfoliarization.

De Candolle's (1890) study of the vascular supply to the epiphyllous

inflorescences of Polycardia (Celastraceae), Phyllonoma (Dulongiaceae)

and Helwingia (Cornaceae) formed the basis for his conclusion that^the

inflorescences were foliar in origin and not concrescent branches. Melville

(1962) stated: "in all of these the vascular system of the petiole, where

it left the branch, was an open arc which, further up, arched round and

formed a complete circle, as in a stem. ... In all of these examples

where the midrib extends beyond the inflorescence, its trace in section has

the open arc appearance, which is very common in angiosperm leaves."

Johnson (1958) reached the same conclusion. Watari (1939) was not

aware of De Candolle's work, and supported the contrasting idea of Thou-

venin (1890) that the traces for the flowering branch were fused with the

petiole and the lamina. He cited species of Saxijraga, Chrysosplenium,

and Vahlia in which branch traces fuse with the foliar traces in a com-

With the exception of the study by Johnson (1958) on Turnera and

Helwingia, the majority of the anatomical data available in the literature

does not consider the nodal origin of the vascular supply of the epiphyl-

lous inflorescences.

The Dichapetalaceae, Turneraceae, and Flacourtiaceae have trilacunar

nodes. The Celastraceae has a unilacunar node. Helwingia, variously as-

signed to the Cornaceae, Helwingiaceae, or Araliaceae, has a unilacunar

node, an exceptional pattern in the Cornaceae and most unusual in the

Araliaceae where Melville (1962) associates the genus. Phyllonoma has

been placed in the Saxifragaceae, which has trilacunar or unilacunar nodes,

but it is now associated with the Escalloniaceae (Melville 1962) with uni-

lacunar nodes, or as the monotypic Dulongiaceae (Willis 1966). Phyllo-

noma is reported by Stork (1956) to have stipules, and is the only genus

with stipules and an epiphyllous inflorescence.

SUMMARY AND CONCLUSIONS

The extreme morphological diversity represented in the photosynthetic

organ of extant plants makes impossible a simple yet inclusive and satis-

factory definition of either a leaf or a node. The search for this simple

definition has resulted in the undesirable distinction made of a leaf and

of a stem when these must be recognized, developmentally and morpholog-

ically, as a continuous system. The existing statements on the primitive
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type of leaf or the primitive type of node are equally futile exercises in

semantics. The ancestral forms of the modern "leaf" are either lacking

or have not been recognized.

The two basic theories proposed for the origin of the leaf recognize a

stem as a primary structure, and the leaf as ( 1 ) an enation or protuber-

ance from a stem, which has attained a vascular supply from the stem,

or (2) the modification in various ways of a stem or a stem system. Casimir

de Candolle (1868) proposed that the leaf was a flattened stem, a stem

in which the adaxial portion had atrophied. Agnes Arber (1941) con-

cluded that the "leaf is a partial-shoot . . . revealing an inherent urge

toward becoming a whole-shoot, but never actually attaining this goal,

since radial symmetry and the power of apical growth and self-reproduc-

tion are curtailed or inhibited." The telome theory (Wilson 1942) also

proposed a primitive stem system of terete axes with dichotomous branch-

ing, from which a flattened leaflike structure could be derived by the

fusion of axes (see Croizat 1973, footnote 84) or by the broadening of an

individual axis. Such broadening and expansion has been called foliariza-

tion, planification, hyperfoliarization, or hypocladification. Melville's go-

nophyll hypotheses (1962) are but variations on this theme.

Sinnott and Bailey (1915) concluded that the primitive angiospermous

leaf was simple, palmately veined, probably three lobed, and associated

with a trilacunar node, but did not consider how this originated. Corner

( 1 949 ) also begged the question by suggesting that the primitive leaf was

a pinnately compound massive structure. He derived smaller and simple

or palmate leaf types by reduction.

Some contrasting theories of the origin of the leaf place emphasis on the

potential development of portions of a meristematic zone. Primordia in

such an area can develop individually, or several can develop in associa-

tion. The segmentation of the developmental area can produce either a

vascular cylinder and a "leaf-skin." or contrastingly a "leaf base" and an

apical region (Unterblatt versus Oberblatt), with each area of the two

approaches having a potential for subsequent recognizable and different

diversification.

The primitive node from the trace-gap point of consideration has been

proposed variously as trilacunar with single traces (Sinnott 1914) ; tri-

lacunar with a double trace in the median gap (Takhtajan 1969); unila-

cunar with a single trace (Benzing 1967) ; unilacunar with a double trace

(Marsden & Bailey 1955), or multilacunar (Ozenda 1948). Associations

of these nodal types with floral or other familial characteristics do not

reveal any substantial correlation. The so-called primitive floral types

may be found with either the proposed most advanced or the proposed

most primitive nodal types, while advanced floral types have a preponder-

ance of advanced nodal types but may also be associated with the pro-

posed primitive nodal types.

The general tenet (Smith 1967) that primitive leaves are simple and

advanced types of leaves are variously compound also lacks substantia-

tion. The distinctions between a simple and a compound leaf, whether



160 JOURNAL OF THE ARNOLD ARBORETUM [vol. 55

pinnate or palmate, are either difficult or arbitrary. Gradients do exist

also between microphylls and megaphylls, and between sessile and petiolate

leaves. The internal structure of any one type can be simple or complex. The

proper phylogenetic position of the characteristics of cortical vascular

systems and medullary vascular systems has not been determined, but in

the majority of cases these unusual anatomical characteristics are asso-

ciated with simple leaf types.

The evolutionary progress from alternate and spirally arranged leaves

to opposite or whorled leaves has become established as a dictum in most

botanical publications (Smith 1967, Cronquist 1968) without any real

evidence. Only Croizat (1960) has proposed the alternate point of view

that "what was originally verticillate of the foliation has tended to be

dirempted into sets of leaves, and finally the sets themselves of leaves

have . . . been dirempted again into single leaves in accordance with

alternate and spiral modes of foliation."

A solution to the problem of what is primitive and what is advanced

may well necessitate the abandonment of modern botanical semantics, and

especially the current concepts of the leaf as a fundamental structure or

a unit of the plant. The "leaf" of our current thinking may well have

multiple possibilities of origin.

Croizat (1973) has proposed seven possible means of origin of the

"leaf," and recognizes that there may be more. He suggests the fol-

lowing: 1. A simple scale (leaf sensu stricto of Asparagus). 2. An inflo-

rescence adapted and imperfectly developed (leaf-cladode of the Aspara-

gae). 3. An inflorescence adapted and imperfectly developed and joined

with abundant fused fibers (W ashingtonia) . 4. A "rama-stem" of second

or third order with characters more or less foliaceous {PkyUanthus, Scku-

manniophyton and Guarea, Chisocheton, Schizolobium) . 5. A scale ("Un-

terblatt") associated with a primordium which is the origin of the typical

"rama" or petiole ("Oberblatt"). This, Croizat remarks, is the typical

leaf of the Angiospermae. 6. A leaf formed of fused leaflets (Bauhinia).

7. A spathe without a spadix (Araceae). He concluded "these examples

do not pretend to be complete, irreproachable, etc. Finally they serve only

for orientation and to give a very general idea of the different origins

of the leaf. In total the leaf is an organ of complex morphogenetic and

phylogenetic origin.''

Various authors (Lignier 1888, Morvillez 1919, Maekawa 1952, Croizat

1960) have in the past suggested that the modern leaf is a compound

structure, an assembly of components, and not necessarily derived by

simple modification of a branch or a stem. Further support of this pos-

sibility is in the information on the node and the petiole just presented.

Three aspects of the foliage of the modern dicotyledonous angiospenn

require consideration basic to any speculation on the origin of the "leaf."

1. The "node" of the modern dicotyledonous angiosperm is a locus of

meristematic activity capable of producing one or more products. These

products can be variously associated in development, and each is capable

of achieving various degrees of specialization.
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The nodal locus may extend around the stem at a given level and have,

as well, varying degrees of vertical extension. The evolutionary progress

of the nodal locus has been one of spatial restriction in toto as well as in

the specialization of its derivative products. The products of the meriste-

matic activity of the nodal locus, as has been pointed out, may be the leaf,

occurring alternatively as a scale, a prophyll or an eophyll; stipules; vege-

tative or floral buds; vascularized or unvascularized glands, etc.

Applicable here are the studies of sheathing stipules which suggest that

the nodal locus, as a meristematic zone, is capable of development com-

pletely around the stem, with a portion of the derivative tissue specialized

into a foliage leaf, and the other portions existing as the sheathing stipule.

It should be noted that the stipular portion may be free of the leaf in a

lateral position, adaxial to the leaf, opposing the leaf, or located above

or below the leaf. Since there are examples of the vascular independence

of the leaf and the stipule, the stipule should be considered, in some

cases at least, not a portion of the leaf, but phylogenetically a structure

equivalent to the leaf where both may be developed from the same nodal

locus meristem.

2. The leaf may well be a compound structure assembled by the lateral

association of primordia from the nodal locus meristem developing

individually or collectively. It has been pointed out that within the

petiole and/or the complete leaf the several vascular bundles may

be independent. It is possible to recognize the individuality of vas-

cular bundles in many leaves. The median trace, for example, is most

easily recognized and may extend undivided and unbranched to the upper-

most portion of the leaf blade before developing secondary venation: i.e.,

the median trace, when more than one trace is present, vascularizes the

upper portion of the leaf blade. Likewise, the median trace may be pres-

ent only in the base of the petiole, and may deteriorate or be lost in the

petiole or the blade. The lower portion of the entire leaf blade, or in

some cases the lateral basal lobes of the simple leaf may be vascularized

only or primarily by traces which enter the stem as lateral traces.

In many dicotyledons the median trace may give rise in the base of the

petiole to two branches which assume an adaxial position. These adaxial

branches of the median trace may fuse or remain independent to the tip

of the blade. Lateral traces from the stem may then be interpolated m
the petiolar vascular tissue between the median trace and its derivative

adaxial branches. The secondary venation of the lower portion of the

leaf blade mav be derived only from these lateral trace components, and

the lateral traces may be completely used up in the lower portion of the

leaf blade, with the upper portion of the blade being supplied vascular

tissue from the median trace and its adaxially located branches.

The path of derivative bundles from the cortical vascular system or

the medullary vascular system of the stem within the petiole and the

leaf blade also suggests the "leaf" is an assembly. The cortical vascular

system within the stem may at times be associated with the principal

vascular system or be completely independent of it. Within the leaf.
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the derivatives of the stem cortical vascular system may contribute the

bundles normally called ''laterals" in the petiole, and these extend,

clearly recognizable and independent, into the lower portion of the leaf

blade.

The medullary vascular system of the stem may also be associated at

times, or in some plants, with the principal vascular system, or be inde-

pendent of it. The medullary bundles of the stem may contribute to the

vascular supply of the leaf completely independent of the vascular tissue

derived from the principal vascular system of the stem. Within the leaf,

the bundles derived from the medullary vascular system of the stem re-

main in a medullary position in the petiole or the midrib, and do not ap-

pear to contribute to the vascularization of the lamina.

The double leaf trace of Ascarina described by Swamy (.1953) was

said to have the two bundles associated with independent parts of the

"eustele" of the stem. Within the leaf, each bundle was associated with

one half of the lamina by branching only in one direction. Neither Bailey

nor Swamy speculated that this might be the fusion product of two an-

cestral primordia.

Although many examples of interconnections between traces within

the petiole, the rachis, or the lamina are known, still the independence

and individuality of the trace predominates, and is discernible until sec-

ondary activity may obscure the condition. Thus there is much evidence

that the leaf is a compound structure, assembled from parts represented

today by the distinctive traces.

3. The "leaf" may be compound in the sense of a serially articulated

structure, but the significance of the evidence is still not clear.

De Candolle (1868) suggested that the leaf was composed of a linear

series of "metameres," and evidence for this is found in the pulvinal areas

of the leaf. In compound leaves, one to many pulvinal areas may be

present within the length of the leaf, and these may or may not be zones

of abscission or articulation. In simple leaves, the pulvinal area may be

at the base of the petiole or at the apex of the petiole, or in both locations.

Whether or not abscission occurs in the pulvinal area, there is an altera-

tion of the pattern of vascular tissue contrasting with that of the inter-

vening zones. Leaves which lack obvious pulvini may have internal areas

of vascular tissue specialized as cross zones at the apex or the base of

the petiole, separating otherwise distinctive and characteristic areas of

vascular organization.

Strey (1973) has recently described the leaves of Cussonia spinitu

(Araliaceae) where a palmately compound leaf has the segments pinnately

compound. He used the terminology of Mirbel (1815) in referring to

these leaves as 'vertebrate." recognizing the ultimate abscission of each

portion of these serially articulated segments. The presence of an apical

gland (Cusset 1965) or food body, the so-called Beltian bodies, may also

represent examples of metameres and the serial articulation of the leaf.

Developmental studies of the serially articulated leaf appear to be com-

pletely lacking.
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The origin of the modern leaf is to be sought in a small terete structure,

probably an enation, with a single vascular strand. The primitive leaf

may have developed laterally subsequently in some cases through the
action of a marginal meristem. In other cases several of these enations

developed as a single unit, the leaf, from the many enations present in

the primitive broad nodal plexus of meristematic activity. The primitive
leaf was probably borne in whorls or even vertically grouped clusters,

and progress was the reduction, enlargement, and isolation of the deriva-

tive products. The primitive large nodal plexus has become restricted

to the modern leaf scar. Vertical restriction, division, or isolation is rec-

ognizable by the development of the internode. Specialization of the

derivative products is revealed as stipules, buds, glands, and leaves. It is

suggested that areas within the primitive nodal plexus retained a meriste-
matic potential for growth and differentiation, while other areas lost this

potential to varying degrees. The multilacunar node of modern plants
with a sheathing stipule may well be the residual expression of the primi-
tive meristematic nodal plexus.

Two morphogenetic trends from this nodal plexus should be recognized
as rameal and foliar, occurring simultaneously or in varying sequences,
thus accounting for the modern pulvinus, petiole, rachis or serial articula-

tions. The number of primitive enations may be represented in the mod-
ern leaf by the number of bundles present either in the gap-trace area
or in the petiole.

Attempts to place in a single phylogenetic sequence the nodal gap-
trace area; alternate, opposite, or whorled leaves; simple or compound
leaves; sessile or petiolate leaves; stipulate or exstipulate leaves, etc., are
fundamentally useless. Such characteristics of modern plants must be
recognized as mid-points in the evolution of the modern leaf. The
chances are that such morphological expressions are not sequential, but
parallel developments from a very simple ancestral type. The success

of the "leaf" as a photosynthetic organ has permitted if not contributed
to the great diversification of form in modern foliage leaves.
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EXPLANATION OF PLATES

PLATE I

if nodal patterns. Figure 1. a-i. Leaves alternate:

cular supply to stipules; f. three tra

trilacunar node with vascular supph
stipules: i. multilacunar node with lateral traces showing vascular supply to the

-tipule.

Figure 2. a-f. Leaves opposite: a. one trace from each gap; b. two traces

from each gap; c. three (or more) traces from each gap; d. opposite trilacunar

lateral traces to each of opposite leaves is supplied from a single lateral gap;

f. a "split lateral" condition with two traces in each of the median gaps.

Figure 3. a, b. Leaves whorled: a. one trace from each gap; b. trilacunar con-

dition with three traces from three gaps to each of three whorled leaves.

Figure 4. a-h. Examples of cortical bundles: a, c, e, g are internodal sec-

tions; b. the cortical bundle enters the leaf and is replaced in the suprajacent

internode by a bundle derived from the central vascular cylinder; d. a "split

lateral" with divided cortical bundles, of which one portion enters the leaf and

the other continues in the stem; f. stem cortical bundles divide with portions

of each entering the leaf and a portion continuing in the stem (a girdling nodal

ir tissue to each leaf.

Diagrams of selected petiole vascular patterns. Successive sections were take

at the leaf base, the middle of the length of the petiole, and at the apex of tl

petiole or the base of the blade before the departure of the secondary veins I

figures 1 to 4, the leaves may be alternate, opposite or whorled. simple <

compound, wit!. I stem may have or lack cortical am

or medullary vascular systems. See text pp. 144-150 for further explanatio:

PLATE II

Figure 1. a-j. Nodes with one trace from one gap. Figure 2. a-e. Nod.

PLATE III

a-n. Nodes with three traces from three gaps.

PLATE IV

a-d. Nodes with three traces from three gaps. Figure 5.

Examples of selected sections of stems, petioles

tinuous vascular patterns of different taxa. Diagrams produced^

ings and, excluding the outline ('

petiole sections for each taxon are on the

shown in heavy black lines.



172 JOURNAL OF THE ARNOLD ARBORETUM [vol. 55

PLATE V

Figure 1. a. leaf of Bank in errata (Proteaceae) ; b. section of trilacunar

node; c. middle section of short petiole, median trace has produced two adaxial

bundles while laterals divided many times, first veins depart from center of se-

ries of branches of the laterals; d. base of blade, similar organization of bundles
but each surrounded by ring of sclerenchyma.

Figure 2. Hakea dactyloides (Proteaceae): a. leaf; b. node; c. petiole lack-

ing adaxial derivatives of median trace and single division of lateral traces, all

embedded in heavy sclei : d. section of leaf, veins are the

lateral traces, and median trace has divided for the first time.

Figure 3. Coccoloba rugosa (Polygonaceae): a. leaf with sheathing stipule;

b. subjacent nodal section showing precocious origin of traces; c. nodal section,

upper traces enter stipular sheath, median and laterals enter petiole; d. basal

section of petiole showing divergent trace branches in the "cross zone," note
the absence of sclerenchyma in the lower pulvinal area; e. midpetiole section

showing the organization of vascular bundles in several concentric rings; f.

base of leaf blade with the organization of an adaxial plate from several lateral

bundles.

Figure 4. Amphilemma cymosam (Melastomataceae): a. leaf; b. internodal

section showing medullary bundles; c. nodal sectioning showing path of medul-
lary bundles or their branches into the leaf base; d. mid-petiole section with

medullary bundles from the stem in a medullary position; e. section through
midrib with medullary bundles still present.

PLATE VI

Figure 1. Symplocos glauca (Symplocaceae): a. leaf; b. nodal section; c.

section at base of petiole; d. section in middle of petiole, the rib-traces having

arisen from the ends of the vascular tissue: e. midrib section.

Figure 2. Peperomi -raceae) : a. peltate leaf; b. nodal

section showing "herbaceous" pattern of scattered bundles, three traces from
three "gaps"; c. base of petiole, lines separate the products of the three traces;

d. upper end of petiole at attachment to peltate blade, bundle in medullary posi-

tion supplies central veins descending from midrib, upper two bundles on each

side supply basal veins of leaf, median and its branches supply vascular tissue

for the upper portion of the blade.

Figure 3. Melicoccns bijugatus (Sapindaceae) : a. leaf showing broadened
rachis below upper leaflets; b. nodal section; c. base of petiole; d. terete por-

tion of petiole below first pair of leaflets; e. section at the point of attachment

of basal pair of leaflets; f. section at point of attachment of upper pair of

leaflets; g. section of petiole of a leaflet.

Figure 4. Aescult pocastanaceae) : a. palmately com-
pound leaf; b. base of petiole, bundles may have originated from tri- or penta-

lacunar node; c. pulvinal section of petiole; d. just above the pulvinus two
branches from median trace assume a medullary position; e. middle of petiole;

f. apex of petiole at point of attachment of leaflets, medullary bundles of pre-

vious section have resumed association with median trace and its branches; g.

section of petiole of leaflet.

PLATE VII

Figure 1. Sloanea dentata (Elaeocarpaceae) : a. leaf showing upper and low-

er pulvini of petiole; b. nodal section; c. supranodal section showing dorsal as-

sociation of lateral traces; d. section of lower pulvinus; e. section from mid-

dle of petiole, invagination and foldings have produced a medullary ril

with a surrounding layer of sclerenchymatous tissue and dorsal small bundles

each with ring of sclerenchyma; f. dissociation of heavy vascular rings in the
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upper pulvinus, dorsal bundles have departed to lower veins; g. midrib section
at point of first strong secondary- veins.

Figure 2. Popidus tremttioides: a. leaf, flattened petiole not well depicted;
b. nodal section showing patches of scattered sclerenchyma; c. base of petiole;
d. lower portion of petiole; e. middle of the petiole showing the organization of
the vascular supply into a series of "rings"; f. apex of the petiole; g. base of the
blade, middle bundles of the flattened portion of the previous section supplv
the basal secondary veins.

Figure 3. Aristolochia esperanzae (Aristolochiaceae) : a. leaf; b. nodal sec-
tion showing the distinct bundles of the stem; c. middle of the petiole showing
the median bundle, two division products of each lateral trace, and the heavy
sclerenchyma layer; d. base of leaf blade with the departure of the basal veins.

PLATE VIII

Examples of epipetiolar, epiphyllous, epirachial, and hypophyllous inflo-

rescences. Scale marker is 1 cm. i P. hapet<ihtm latij .' <» ( Dichapetalaceae).
inflorescences from petiole; b. Helwingia japonica (Cornaceae). epiphyllous
cluster of flowers, plants dioecious; c. Pkyttonoma laticuspis (Dulongiaceae),
epiphyllous inflorescences; d. Tiirneva ulmijolia I Turneraceae). single flower
with bracts borne on the petiole: e. Chiso het n poftUomu (Meliaccae), epi-

rachial flowers and racemes from single pinnately compound leaf; f. Polycardia
phyllanthoides I Celastraceae), terminal epiphyllous flowers; g. Phyllobotryum
spathulatum (Flacourtiaceae) [redrawn from Hooker's Icones 14: Plate 1353.
1881, and herbarium material], flowers borne on upper surface of midrib,

(epiphyllous); h. Tapura latifolia (Dichapetalaceae), flowers borne here at

apex of petiole, but may also be on the Ian :ypophyllanthns
(Rutaceae) [redrawn from Engler, Engler & Prantl, Nat. Pflanzenfam. III. 4:

96. fig. 96 F. 1896], flower borne on abaxial surface of lamina (hypophvllous).
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JOURNAL OF THE ARNOLD ARBORETUM

A REVIEW OF DECIDUOUS-LEAVED SPECIES OF
STEWARTIA (THEACEAE)

Stephen A. Spongberg

As with most genera restricted in distribution to eastern and south-

eastern Asia and eastern North America, the theaceous genus Stewartia

was based on an eastern North American plant, in this instance one
known to eighteenth century European botanists and horticulturists, from
Virginia. In fact, it was not until after the recognition of the second

species indigenous to North America that an Asiatic species of Stewartia

was discovered and described, and the genus could be added to the list

of genera illustrating the floristic affinities of these two regions. Concomi-
tant with the discovery of the species of Stewartia, the plants have been

valued as garden ornamentals, and most of the taxa described have be-

come prominent horticultural subjects in American and European gardens

and arboreta.

Despite the long and continued horticultural interest in these late spring

and summer flowering trees and shrubs, recent attempts to validate the

identifications of Stewartia in the herbarium and in cultivation at the

Arnold Arboretum led to some unexpected confusion that indicated need

for a review of the genus. The present study is, therefore, an attempt to

evaluate and reappraise the taxonomic status and relationships of the

genus and its species, and this paper reports progress to date.

EARLY RECOGNITION OF THE GENUS

Baldwin (1969) has pointed out that the first reference to the plants

now referred to Stewartia undoubtedly appears in the Reverend Mr. John
Clayton's early "Account of Virginia," which Clayton (1657-1725) in-

cluded in a letter he wrote to Robert Boyle in 1687. The plants that

Clayton described and distinguished from the dogwood (Cornus florida

L.) were from a population near Williamsburg, Virginia, on Archers Hope
Creek. It is evident from his characterization of the flowers and fruit

that Clayton was describing a shrub having flowers with five petals and

a gynoecium that develops into a strongly five-ribbed capsule. Furthermore,

the Archers Hope Creek population is still extant (Grimes, 1922) and

represents a disjunct Coastal Plain population of what is otherwise pri-

marily a montane species in the southeastern United States.

Fifty-five years after the Reverend Mr. John Clayton had described

the plants from the Archers Hope Creek population, Mark Catesby, the

English traveler and naturalist, received a new shrub for his garden at

Fulham from another John Clayton (1686-1773), an English naturalist
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in Virginia who was apparently unrelated to the Reverend Mr. John Clay-

ton. The plants flowered in May of 1742, and it is suspected that Cates-

by. recognizing their potential ornamental value as well as their botanical

interest, gave plants of the new shrub to John Stuart, the third Earl of

Bute, for the botanical garden he was helping to establish at Kew.

In addition to his gift of living plants to Catesby. the younger Clayton

sent dried specimens of the new shrub to Gronovius at Leiden, one of

which Gronovius forwarded to Linnaeus. The name Stewartia, 1 honor-

ing John Stuart, was applied to the new genus by Linnaeus and was first

published in 1746 (in the Acta Upsal. for the year 1741). Linnaeus

stated that the description was based on Clayton's specimen as well as

on the illustration (published with the description) drawn by George

Ehret from plants in Stuart's garden and sent to Linnaeus by Isaac

Lawson, a London physician.

Catesby himself included a plate of Stewartia in the Appendix to his

Natural History of Carolina, Florida, and the Bahama Islands in the year

following Linnaeus's publication.2 Other than a few notes on the origin

of his plants from Clayton, the text that accompanies the plate consists

of a letter from John Mitchell (1680-1768), an English physician who
had also traveled and collected in Virginia. In his letter to Catesby.

Mitchell addresses himself to Linnaeus's description of the new genus.

Among other criticisms, Mitchell stated that Malachodendron. the name

he used for the new genus, is characterized by five styles, not one. and

that the strongly five-angled fruits dehisce apically. Mitchell also pointed

out that the numerous stamens are united at the base and that, as a re-

sult, the genus properly belonged in class Monadelphia Polyandria where

it formed a new tribe or order, Pentagynia, that separated it from malva-

ceous plants. The genus, appearing under the name Malachodendron

and characterized in this manner, was later included by Mitchell in his

Dissertatio Brevis of 1748.3 Linnaeus, however, was unwilling to accept

all of Mitchell's refinements, and in the Species Plantarum (1753) and

Genera Plantarum ed. 5 (1754) complied only to the extent of including

Stewartia in the class Monadelphia Polyandria. For the single species

' The spelling ol tin u'en in nai < con'- tenth emplo t 1 '. Linnaeus is Stewartia,

not Stuartia. Because of this invariance. it cannot h, maintained under Art. 73 of

the International Code of Botanical Nomenclature that Linnaeus's spelling contains

an unintentional orthographic error, and the original spelling must be maintained.

Cf. T. A. Sprague, Kew Bull. 1928: 362. 1928 for the opposing viewpoint. Addi-

tional variant spellings include Steuartia and Stevartia.
2
It is of interest to note that Stevenson [Catalogue of Botanical Books in the

plates in the Natural If- r\ to Cat -!>> him.-, i The plate of Stewartia that was

published by Linnaeus in 1746 and both attributed to and signed by Ehret is a small

portion of the plate published by Catesby. If Catesby was indeed responsible for

the plate appearing in the Appendix, as is indicated by his initials in the lower right-

hand corner of the plate, it would seem that he enlarged upon the Ehret drawing.

"Mitchell's Dissertatio Brevis, republished in 1769, is acceptable as a valid publi-

cation for generic names. Malachodendron, as a genus, is usually attributed to Ca-

vanilles, Diss. Bot. 5: 302. t. 158, fig. 2. 1788, but is correctly attributed to Mitchell.
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then known to him, he employed the binomial Stewartia Malacodendron.

It appears conclusive on the basis of the distributional and historical

evidence summarized by Baldwin that Mitchell based his criticisms of

Linnaeus 's description on his observations of the plant that the Reverend

Mr. John Clayton had discovered a half century earlier. Linnaeus based

Stewartia on a second plant, a species that is essentially confined in dis-

tribution to the Atlantic Coastal Plain. Furthermore, both Clayton and

Mitchell specimens of Stewartia are preserved at the British Museum, and

it is clear that two taxa are represented. It is somewhat ironic that the

first discovered species, known from a disjunct population, was redis-

covered and described by Mitchell but was not accepted as distinct from

S. Malacodendron until Cavanilles named the second species Malacho-
dendron ovatum in 1788. Furthermore, according to Rees (1816), S.

(Malachodendron) ovata essentially replaced 5. Malacodendron as a fa-

vored ornamental in English gardens soon after its introduction in about

1785. Although some authors throughout the nineteenth century con-

tinued to accept Malachodendron as distinct from Stewartia, L'Heritier

(1791) treated M. ovatum as a species of Stewartia (S. pentagyna), and

there was a gradual acceptance of a single genus comprised of two species.

GENERIC RELATIONSHIPS

As subfamilial classifications and groupings of theaceous taxa were pro-

posed periodically during the nineteenth century, Stewartia was generally

associated with the superficially similar genus Gordonia Ellis. De Candolle

(1824), recognizing both Stewartia and Malachodendron in the Tern-

stroemiaceae, aligned these genera with Gordonia in tribe Gordonieae DC,
while Camellia L. and Thea L. were placed in a separate family, Camellia-

ceae. Choisy (1855), also recognizing two separate families, removed Gor-

donia, Stewartia, and Malachodendron to the Camelliaceae where Stewartia

and Malachodendron were placed in a separate tribe, Stewartieae Choisy,

on the basis of their gynoecia with ascending ovules, seeds with copious

endosperm, and embryos with fleshy cotyledons. Gordonia, along with

Schima Reinw. ex Bl. and Laplacea Kunth, was maintained in the Gor-

donieae, characterized by gynoecia with pendent ovules, seeds lacking

endosperm, and embryos with foliaceous cotyledons.

Additional classifications were proposed as the genera comprising the

Theaceae (as recognized today) were aligned with one another; these in-

clude the systems of Bentham & Hooker (1862), Szyszylowicz (1895),
and Melchior (1925). The larger group of genera allied with Stewartia

was recognized as forming a natural alliance, variously recognized as tribe

Camellieae (DC.) Melchior or subfamily Camellioideae Airy-Shaw. The
arrangement of genera within the tribe or subfamily, however, has been

subject to debate, chiefly because of the criteria used in circumscribing

the taxa. Fruit characters and those of the floral bracts, calyx, and co-

rolla have been used in various combinations, resulting i
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of the genera (cf. Keng. 1962. for a comparison of the more

Airy-Shaw (1937) initially pointed out the potential significance of

the use of anatomical criteria for definition of subfamilies in the Thea-

ceae, which encouraged several re-evaluations of existing classifications

(Airy-Shaw, 1936; Sealy, 1958). The most recent scheme, proposed by

Keng (1962), combines a morphological approach with the results of his

considerable anatomical investigations of theaceous genera. The synoptic

key to the tribes and subtribes of the Camellioideae which follows serves

to distinguish Stewartia from its allies as well as to illustrate the basic

alignment of the subfamily proposed by Keng.

Key to the Tribes & Subtribes of the

Capsules with a persistent central columella; seeds conspicuously winged i

wingless; endosperm lacking or confined to a thin layer, embryos larg

straight or slightly curved, with flat or longitudinally undulate cotyledon

B. Capsules woody, dehiscent, elongate or rounded; seeds winged (only ru-

dimentary in Franklinia) ; endosperm forming a thin layer. C.

C. Capsules elongate, ovoid to elliptic; seeds ellipsoid, with an oblong

wing at the upper end. Gordoniinae. (Gordonia. Laplacea).

C. Capsules globose or subglobose: seeds rounded, flattened, with a con-

(Sc/iima. Franklinia)

.

more or less rounded; seeds wingless; endosperm absent. Camellieae.

D. Seeds usually 1 (rarely 2 or more) per locule. rounded or rounded-

cuneate; cotyledons thick. Camelliixae. ( Camellia, sensu lato).

D. Seeds usually 2 or 2-4 per locule, ellipsoid, mutually compressed;

cotyledons thin. Pyrenariinae. (Pyrenaria, Tucheria).

The relationship between Stewartia and Hartia, a genus proposed by

Dunn in 1902 to accomodate a plant from Yunnan Province in south-

western China and included in tribe Stewartieae by Keng, has been the

subject of periodic discussions. The similarities of the two genera were

commented upon by Dunn, and more recently the integrity of Hartia has

been debated by Cheng (1934), Chun (1934), Airy-Shaw (1936). Mer-

rill (193S). Wu (1940), and Sealy (1958). Dunn asserted that Hartia

is distinct from Stewartia on the basis of the greater connation of its an-

ther filaments into a tube at the base of the androecium and by its more

numerous seeds. Wu (1940), who supported maintaining Hartia, empha-

sized in addition that the foliage of Hartia is persistent and that the con-

spicuously winged or inflated petioles successively enclose the terminal

buds of the shoots.
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Except for the difference of evergreen versus deciduous foliage, the re-

puted generic distinctions between Stewartia and Hartia fail to hold on

even a cursory examination of the supposed differences in Stewartia sensu

stricto. The number of seeds (ovules) per locule in Stewartia is either

two or four (or fewer through abortion), while in Hartia the number is

four. Connation of the anther filaments into a tube is at best a variable

qualitative character, yet in 5. rostrata a tube up to 9 mm. long is pres-

ent that equals or surpasses, both in length and in relative amount of

connation, any found in species assigned to Hartia. Furthermore, the

petiole character mentioned by Wu occurs also in a deciduous species;

all species of Stewartia have narrowly winged, shallowly grooved petioles,

but in 5. ovata the groove is deeper and the wings are enlarged, resulting

in the concealment of the axillary and terminal buds.

Moreover, Keng's studies of Stewartia and Hartia have shown a con-

sistent anatomical coincidence between the species, several aspects of

which distinguish these from other theaceous genera. All genera of the

Camellioideae, with the exception of Stewartia and Hartia, have capsules

with persistent central columellae; while the nearly basal axile placenta-

tion, ascending ovules, and seeds with copious endosperm characteristic

of Stewartia and Hartia also set these genera apart. The distribution of

sclereids within the leaves of Stewartia species is unique in the Camel-

lioideae since the sclereids are restricted to the petiole and petiolar-wing

region. The same distribution pattern and the same type of sclereid are

also found in leaves of species of Hartia. The wood anatomy of both gen-

era is also similar. Both develop distinct growth rings, have a tendency

towards ring porosity with the numerous pores solitary or in pairs, and

the phellogen arises in the pericycle or adjacent layers.

Considering the breakdown of the originally proposed generic char-

acters and the additional evidence of close or identical anatomical struc-

ture, it seems only logical to include Hartia within Stewartia. There is

precedent for this proposal, since H. sinensis Dunn has been treated as a

species of Stewartia (as S. pteropetiolata Cheng). Although a review of

the taxonomy and nomenclature of the evergreen species is currently in

progress, and they have been taken into account in preparing the generic

description, only the deciduous species of Stewartia sensu stricto are con-

sidered in the taxonomic treatment of the present paper.

That Stewartia in this broad sense is relatively isolated within the

Camellioideae is indicated by its segregation in a separate monotypic

tribe. Its isolation could be a function of its relatively great age; fossil

flowers attributable to the genus have been recorded from amber deposits

of middle Oligocene in Central Europe, while fossil leaves that match

well the leaves of present-day S. monadelpha have been found in Japan

(Schenk, 1890). Moreover, the present-day distribution of Stewartia in

eastern North America and eastern Asia along with the fossil evidence

points to a former wider distribution and consideration of Stewartia as

an Arcto-Tertiary relict.
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SUBGEXERIC CLASSIFICATION

Several authors have proposed subgeneric classifications of Stewartia

sensu stricto. Wu ( 1940) divided Har/ia into sect. Hartia (sect. F.uhartia

Wu. flowers solitary, axillary) and sect. Rackmosa Wu (inflorescence a

few-flowered axillary raceme i . Cheng (1934). in transferring //. sinensis

to Stewartia, recognized two sections in Stewartia (sects. Sti.wartia and

Hartia (Dunn) Chen.tr) having limits that coincide with the old generic

houndaries; while Kens; (1962), in anticipation of the transfer of addi-

tional species of Hartia to Stewartia. also advocated two sections defined

along former generic lines. The obstacle preventing my recognition of two

subgenera or section, based on the former generic lines is the dearth of

proposed taxa. viz. persistent foliage versus deciduous foliage. Other char-

acters seem to be reticulate within the genus and fail to coincide with

this single difference.

Within Stewartia sensu stricto generic subdivisions have been delimited

primarily on the basis of characters of the gynoecium and those of the

calyx and its subtending bracts. Gray I 1849), following Endlicher (1840,

1842) (who failed to designate the rank of his subdivisions), divided the

genus into subg. Sri waktia (styles united, capsules subglobose. not ros-

trate, seeds smooth, wingless: including sect. Adelphonema Endl.'
)
and

subg. Malacodfndron (Mitchell) Gray (styles 5. distinct, capsules ovate,

acuminate, seeds with wrinkled epidermis, winged i using as criteria the

generic boundaries that had separated Malachodendron from Stewartia.

Szyszylowicz (1895) employed the same criteria in establishing sect.

Dialystvla. to include 5. ovata. and sect. Svstyla (sect. Cavanilla (Sal-

isbury) O. Kuntze). comprised of S. MaJaeodendran and the Asiatic

species, all with united styles. Xakai ( 195U 7 .
treating the Japanese-Korean

species, established two additional sections, sect. T'si.idocamelliae Xakai

to include 5. pseudocamellia (bracts shorter than the calyx) and sect.

Skrrataf Xakai (bracts and sepals subequal) for the remaining species

of that region.

All of the proposed generic subdivisions of Stewartia sensu stricto iso-

late one species from the remainder of the genus, and the resulting classi-

fication only serves to indicate the uniqueness of particular species. Con-

ceivably, each species could be distinguished from the remainder of the

genus by inclusion in a separate subgenus or section. In part, this situa-

tion has resulted from the examination of species of a limited area, but

of the entire genus convinces me that relationships

__ (including species of Hartia) are reticulate. Moreover.

the species fail to fall into distinct subgeneric categories based on co-

herent groups of characters worthy of taxonomic recognition.

' The rank of Endlicher's subdivision was assigned by Gray.
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TAXONOMY

Stewartia Linnaeus, Sp. PI. 2: 698. 1753; Gen. PI. ed. 5. 311. 1754.

Malachodendron Mitchell, Diss. Brev. Bot. Zool. 38. 1769.

Stuartia L'Heritier, Stirp. Nov. 153. 1791.

Cavanilla Salisbury. Prodr. Stirp. Chapel Allerton 385. 1796, non J. F. Gmelin,

1791, nee Thunberg, 1795.

Hartia Dunn, Hooker's Icones PI. 28: t. 2727. 1902.

Evergreen or deciduous trees or shrubs with closely fissured non-exfoliat-

ing or smooth, mottled, exfoliating bark; winter buds laterally compressed
with 1 to several imbricate scales. Leaves alternate, chartaceous to coria-

ceous, short-petiolate, the petioles narrowly to widely winged, the wings

sometimes enclosing and concealing the axillary and terminal buds; leaf

blades ovate to lanceolate or elliptic with cuneate to rounded bases, ser-

rulate to serrate margins, and acuminate, acute, or apiculate apices; ve-

nation pinnate, the midvein usually prominent and elevated on the

adaxial surface; nodes unilacunar. Flowers perfect, solitary or occasional-

ly 2 or 3 together, sometimes in a short, few-flowered axillary raceme,
axillary or rarely terminal, pedicellate, with 1 or 2 persistent or rarely

caducous bracts subtending the calyx. Sepals 5 (or 6), imbricate in bud
and with overlapping margins at anthesis (quincuncial), subequal, per-

sistent, connate and becoming lignified at the base. Petals 5, rarely. 6-8,
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white, connate at the base forming a very shallow tube; blades obovate
with wavy, finely erose margins, the abaxial surfaces silky pubescent.
Stamens numerous, the filaments basally connate and adnate to the base
of the corolla, otherwise free or coherent for part of their length and
forming a tube; filaments white, purplish, or yellowish; anthers versatile,
yellow or bluish. Gynoecium (4) 5 (or 6)-carpellate, the styles con-
nate or free, partially persistent in fruit, terminating in (4), 5, (or 6)
stigmatic arms or a single crenate stigma; ovary syncarpous, superior,

(4) 5 (or 6)-loculate, each locule with 2 or 4 erect ovules on nearly
basal axile placentae. Fruit a woody, globose to ovoid, often strongly ros-
trate capsule, lacking a persistent central columella, loculicidally de-
hiscent from the apex or by the outward folding of the valve margins;
capsules maturing in a single season, often remaining on the branches for

2 or more seasons. Seeds 2 or 4 per locule (or fewer through abortion),
angular and wingless or planoconvex with a narrow marginal wing, obo-
vate to subovate in outline, the testa crustaceous and shining or char-
taceous and dull with a finely rugose or puncticulate surface; embryo
small, straight, the cotyledons subrounded, clasping, embedded in copious
fleshy endosperm; germination epigeal. Base chromosome number 15.

Type species: S. Malacodendron L.

Key to the Deciduous Species of Stewartia

A. Styles 5, distinct; petioles widely winged, enclosing the lateral and terminal
buds; floral bract 1 1.5. ovata.

A. Styles united, terminating in 5 or 6 stigmatic crests or arms; petioles nar-
rowly winged, not enclosing the lateral and terminal buds; floral bracts 2.

apices of the valves ±
coherent; seeds angular 2. 5. Malacodendron.

B. Stamens with whitish filaments and yellow or orange anthers; capsules
apically dehiscent, the valves spreading apart from the apex; seeds plano-
convex C
C. Floral bracts about equalling or longer than the calyx; small or large

trees or shrubs with smooth or fissured bark; young branches usuallv

terete, not zigzagged D.
D. Ovaries and/or capsules subglobose, completely glabrous or

pubescent only at the very base E.

E. Ovaries and/or capsules completely glabrous ; 2 ovules or seeds

per locule; bark on older branches smooth and mottled.

E. Ovaries and/or capsules pubescent only at the very base; 4

ovules or seeds per locule; bark on older branches finely fis-

D. Ovaries and/or capsules conical, pilose or appressed-pubescent

over the entire surface F.

F. Sepals oblong or ovate with acute apices G.

G. Floral bracts ovate, subequal to the sepals; styles 6-8 mm.
long; seeds 7-9 mm. long 5. S. sinensis.
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G. Floral bracts oblong, conspicuously longer than the sepals;

styles 3-4 mm. long; seeds 5-6 mm. long

6. 5. monadelpha.

F. Sepals ovoid with rounded, ciliate apices. . . 7. S. X Henryae.

C. Floral bracts conspicuously shorter than the calyx; small trees with

smooth, mottled bark; young branches usually compressed and zig-

zagged, rarely terete 8. S. pseudo camellia.

1. Stewartia ovata (Cav;

Malachodendron ovatum Cavanilles, Diss. Bot. 5: 302. t. 158, fig. 2. 1788.

Type: presumably at ma, but not seen.

Stewartia pentagyna L'Heritier, Stirp. Nov. 155. t. 74. 1791.

Stewartia montana Bartram, Travels 334. 1791.

Malachodendron pentagynum (L'Heritier) Dumont-Courset, Bot. Cult. ed. 2.

5: 107. 1811.

Shrubs or small trees to 6 m., usually with several limbs from the base;

periderm on young shoots silvery gray-brown, with long, longitudinal fis-

sures, the bark non-exfoliating, grayish-brown, tight, with close, shallow

fissures; winter buds small, 2-5 mm. long, with one pubescent scale en-

>

gose surface, X 3.

. Stewartia ovata. a, tluwt-rine: bnmrhlet of forma grandifiora X 1/2
: forma ovata, X 1/2; c, api le with 5 persisten

; calyx, X 11/2; d, seed with winged margin and finely ru
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closing the silvery-pubescent embryonic leaves. Leaf petioles 4-14 mm.
long with winged margins, the margins enclosing and concealing the axil-

lary and terminal buds; leaf blades ovate to ovate-lanceolate, (3-) 7-15

cm. long, (2—)4.5—7(8.5) cm. wide, with acute to shortly acuminate

apices, rounded bases, and ciliate, obscurely serrulate margins with apic-

ulate teeth; upper surface of the blades glabrous, lower surfaces finely

pubescent, particularly along the veins. Flowers axillary, pedicels short

and stout, 3^ mm. long; one bract subtending the calyx, foliaceous, 11-

14 mm. long, 3.5-4.5 mm. wide, oblong with an acute apex, persistent.

Sepals 5 (or occasionally 4), connate at base, 14-17 mm. long, 6-9 mm.

wide, the free lobes lanceolate-oblong with acute apices and ciliate mar-

gins; sepals erect in bud, persistent, spreading-erect in fruit. Petals 5,

free to the base, 2.8-4.2 cm. long, 2.2-3 cm. wide, obovate to suborbicular,

margins erose and wavy. Stamens numerous, the filaments united into

a short tube at base, 3-4 mm. long, adnate to the corolla, the free portions

10-12 mm. long above, white, yellowish, or rose; anthers yellow. Ovary

conical, 5-6 mm. long at anthesis, irregularly 5-lobed, densely sericeous,

particularly toward the base of the styles; styles 5, distinct, subequal. 12-

14 mm. long, each terminating in a small capitate stigma. Capsules red-

dish brown, finely pubescent, particularly along the margins of the loc-

ules, ovoid with truncate apices (the styles persistent at varying lengths)

and strongly 4- or 5-angled, 18-22 mm. long, 14-16 mm. broad, apically

dehiscent into 4 or 5 locules, the locule walls 6-7 mm. wide. Seeds 2 per

locule, reddish brown, 8-10 mm. long, 5-7 mm. wide, plano-convex, ob-

ovate to oblong in outline, narrowly winged, the apex rounded or some-

times emarginate, the raised central portion finely rugose. In = 30.

Distribution: Known from the mountains and adjacent Piedmont of

Kentucky, Tennessee, North and South Carolina, Georgia, and Alabama;

occurring in two disjunct populations on the Coastal Plain of Virginia.

Representative specimens. Alabama. Chilton Co.: Sand Mountain, T. G.

Harbison, s.n. 20 VI 1905 (a); same locality, T. G. Harbison, s.n. 20 VI 1913

(a). Culman Co.: St. Bernard. II'. Wolf. s.n. 25 VI 1934 (gh). DeKalb Co.:

gorge of Town Creek, R. M. Harper 4043 12 IX 1947 (gh). Franklin Co.:

edge of sandstone gorge along Dismal Branch. R. XI. Harper 3398 17 VI 1935

(a, gh). Georgia. Fulton Co.: West Paces Ferry Road over the Chattahoochee

River, H. Bookout. Jr. 35 20 VI 1957 (gh); ravine slope near Sandy Springs,

E T. Wherry, s.n. 7 IX 1934 (a). Madison Co.: S slope of Mill Shoal Creek.

1 mi. SE of Colbert at ca. 600 ft., IF. H. Duncan 11595 4 VIII 1950 (gh).

Oconee Co.: slopes of wooded ravine ca. 3 1/2 mi. SE of Farmington. W. H.

Duncan 3794 4 VIII 1941 (gh). Rabun Co.: rocky stream bank, 7 mi. S of High-

lands N.C., T. G. Harbison 52 & 53 I VII 1918 (a, two sheets)
;
canyon at

Tallulah Falls at 1600 ft.. J. K. Small, s.n. 15 VIII 1893 (a, gh). Stephens

Co- southern slope of Lee Mountain, H. Bookout, Jr. 21 8 VII 1956 (gh);

bank of stream, Toccoa, T. G. Harbison 10 20 VI 1918 (a, two sheets). Towns

Co • near Hiawassee. C. S. Sargent, s.n. 2S IX 1SS5 (ai. Without locality: C.

Wright sn 1S75 (gh). Kentucky. Bell Co.: Clear Creek, E. L. Braun 1^80

15 VII 193 7 (aV along the Cumberland River, T. H. Kearney 322 IX 1893 (a,

gh) McCreary Co.: Yahoo Ridge, western edge of Cumberland Plateau, E.
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L. Braun, L935 (gh). Pulaski Co.: Rockcastle Springs, /. D. Smith,
s.n. la vin isw (gh). North Carolina. Macon Co.: southern exposures of the
Blue Ridge Mountains, Biltmore Herb. 886b 3 VII & 9 VIII 1897 (a, bm, gh,
p); Highlands, T. G. Harbison, s.n. VI 1903 (gh). Stokes Co.: qoi
bluff of the Dan River N of Moore Springs, W. B. Fox 5500 30 IX 1951 (gh);
same locality, S. W

.
Leonard & D. B. Russ 2554 1 VII 1969 (bm, gh, p). With-

out locality: S. B. Buckley, s.n. (bm, gh); F. Rugel, s.n. 1841 (bm>; C. S Sar-
gent, s.n. 26 IX 1885 (a). South Carolina. Oconee Co.: E side of W fork of
Little River. 3 mi. SW of Salem at ca. 900 ft., If. //. Duncan 11259 8 VII 1950
(gh). Tennessee. Blount Co.: Abrams Falls Trail, Cades Cove, R. E.
Shanks & A. J. Sharp 13184 25 VI 1949 (gh). Cumberland Co.: Cumberland

,1. Gattinger 408 (a, bm, gh). Grundy Co.: along stream below
Altamont, H. K. Svenson 7306 9 VII 1935 (gh). Knox Co.: Clinch Mountain
above Lea Lakes near Blane, //. M. Jennison, s.n. 6 VII 1929 (gh). Marion
Co.: Cumberland Plateau ca. 5 mi. SE of Sewanee at 1800 ft., H. K. Svenson
8913 22 VI 1938 (gh). Monroe Co.: Cherokee Natl. Forest, 1 mi. up North
River Road toward Beech Gap, M. H. Berry 16444 29 VI 1952 (gh) Folk
Co.: banks of the Ocoee River, Biltmore Herb. 886c 26 VIII 1897 (a, gh).
Rhea Co.: near Rockwood, D. M. Co ifman, s.n. 15 VI 1890 (a) Sfqu-mchie
Co.: Eagle, /. H. H. Boyd, s.n. VII 1891 (a). Sevier Co.: along road to
Indian Gap and along Fightin' Creek Road, Lower Sugarlands Valley at 500 m.,
H. M. Jennison & J. G. Smith, s.n. 29 VI 1937 (gh)

; between Pitman's Center
and Greenbner, A. J. Sharp, et al. 1963 15 \'U 1934 (bm). Union Co.: near
The Gourd, Kelley 2105 10 VII 1934 (gh). Without locality: .1. Gattinger, s.n.

1879 (A, two sheets): F. Rugel. s.n. VI 1*4? Ibmi; ,1. Ruth 239 (gh)- C 5 Sar-
gent, s.n. 21 IX 1888 (a). Virginia. James City Co.: Williamsburg, bluff above
College Creek, 2n = 34, /. T. Baldwin 14951 19 VI 1954 (gh); moist or drv
hillsides, 1 1/2 mi. SE of Williamsburg, E. J. Grimes 3818 24 VI 1921 (gh).
Lancaster Co.: bank of John Creek. Merry Point. W. J. Harley 2265 18 VI
1960 (gh); same locality, W . J. Harley 2272 25 VIII 1960 (gh). Without lo-

cality: /. Mitchell, s.n. (bm); Michaux, s.n. (p).
Cultivated. England. Surrey: Royal Botanic Gardens, Kew, Richmond, no

'
H' '

' 'bm. Without locality Hortus Dickens 14 IX 1916 (bmi United
States. Massachusetts: Arnold Arboretum, plant from seed from German-
town. Pa.. 1928. Ace. # 637-28. E. J. Palmer, s.n. 21 VI 1938 (aah); plant
grown from seed from New York Botanical Garden, 1933, Ace. # 313-34. E.
J. Palmer, s.n. 11 X 1938 (aah); plant from T. G. Harbison, Highlands, N.C.,
1925, Ace # 18244, C. E. Kobuski, s.n. 17 VII 1933 (aah), E. Murray 318 7
IV 1965 (aah); plant from H. F. Kelsey, Boxford, Mass., 1922 Ace # 18847,
S. Kreps, s.n. 10 VII 1964 (aah), G. P. DeWolf & P. Brum 2175 (aah);
without data. 14 VII 1911 (aah). Brookline: Hortus H. H. Richardson, ,1.

KeMer, s.n. 13 VII 1921 (aah, two sheets). Jamaica Plain: Hortus DixwelL

;J
IX18

?
2 (AAH)

'

Same locality' VI11 1885
(GH ); Hortus F. Parkman, 18 VII

1889 & 25 III 1896 (aah, two sheets). South Lancaster: Hortus Mrs. Bayard
Thayer, E. H. Wilson, s.n. 24 VII 1927 (aa
Mill, L. Lundqnist, s.n. 17 VII 1937 (aah
dens, Highlands, T. G. Harbison, s.n., V l.„
Arboretum, Ace. # 62-116, /. M. Fogg. Jr.. s.n. 2<) VI 1%7Taah

).""""'

Stewartia ovata is easily distinguished from other deciduous species of
Stewartia by its winged petioles that enclose and conceal the terminal
and lateral buds. In this respect, 5. ovata is more closelv allied to the
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evergreen Asiatic species that have been treated as species of Hartia than
are other deciduous species. This taxon is also unique within the genus
due to its gynoecium with five distinct styles and its one floral bract that

subtends the calyx.

Plants with flowers having purple rather than yellowish-white stamen
filaments and with five to eight petals have been recognized as forma
grandifiora (Bean) Kobuski. Baldwin (1969, 1970), however, reported

flowers with stamen filaments ranging in color from white through rose to

purple from the James City County population on the Virginia Coastal

Plain and questioned whether this variation was a result of introgressive

hybridization between 5. ovata and S. Malacodendron, the flowers of

which normally have purple stamen filaments. Wood (1957) and Ko-
buski (1959) commented on this color variation and noted the range from
white to light purple in the same and in different flowers of a single plant

of S. ovata from Highlands. North Carolina, cultivated at the Arnold Ar-
boretum. They attributed the variation to genetic instability similar to

that known in some Camellia cultivars. Inasmuch as additional evidence
supporting introgression is lacking, somatic mutation seems to be the most
plausible explanation.

In the citation of herbarium specimens, sheets of forma grandifiora have
been included with sheets of forma ovata since stamen filament color does
not preserve well and the number of petals in flowers of forma grandifiora
is variable and often difficult to determine in pressed specimens. A pre-

sentation of the nomenclature and synonymy of forma grandifiora. which
is of some importance horticulturally, follows this discussion.

Although Stewartia ovata was first described by Mitchell as the basis

for the genus Malachodendron, the combination M. ovatum was first made
by Cavanilles. The specimen on which this name is based is presumably
preserved at Madrid. However, in his protologue Cavanilles refers only to

living plants he observed at Trianon Palace and cites Mitchell's publica-

tion. If a specimen studied by Cavanilles is not preserved at Madrid the

plate published by him might be designated as lectotype. Before this

problem can be resolved, however, the collections at Madrid must be

Stewartia ovata (Cavanilles) Weatherby var. grandifiora (Bean) Weatherbv.
Rhodora 41: 198. 1939.

Stewartia pentagyna L'Heritier var. grandifiora Bean. Trees & Shrubs Hardv
Brit. Isles ed. 1. 2: 555. 1914.

Malachodendron pentagynum (L'Heritier) Dumont-Courset var. grandiftorum
(Bean) Ashe, Torreya 31: 41. 1931.

ts corolla comprised of 5 to 8 petals and in
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2. Stewartia Malacodendron Linnaeus, Sp. PI. 2: 698. 1753. Holo-
type: Clayton 734 (linn, No. 876.1; idc 177. 469: III. 2.); iso-

types (bm, two sheets!).

Stewartia virginica Cavanilles, Diss. Bot. 5: 303. t. 159, fig. 2. 1787.

Cavanilla florida Salisbury, Prodr. Stirp. Chap. Allerton 385. 1796.

Stuartia nobilis Salisbury, Ibid. 386.

Stewartia marilandica Donn ex Haworth, Andr. Bot. Repos. 6: t. 397. 1804.

Malachodendron monogynimi Dumont-Courset, Bot. Cult. ed. 2. 5: 1Q6. 1811.

Shrubs or small trees to 7 m.; young branches pubescent, the periderm

reddish brown, flaking in irregular longitudinal strips; bark tight, close,

silvery gray, non-exfoliating; winter buds compressed, 5-9 mm. long,

with 2 densely silvery-pubescent imbricate scales. Leaf petioles 2-4 mm.
long, shallowly grooved on the adaxial surface; leaf blades (2.5-) 5.5-11

cm. long, (1.1-) 2.5-5 cm. wide, ovate to elliptical with acute or acuminate

apices, cuneate to attenuate bases, and finely serrulate, obscurely ciliate

margins; upper surfaces of the blades glabrous, the lower surfaces finely

appressed-pubescent, particularly along the midveins. Flowers axillary,

the pedicels short, up to 5 mm. long; bracts subtending the calyx 2, ovate

to suborbicular, 2-4 mm. long, 2-4 mm. wide, with short apiculate apices,

persistent. Sepals 5, connate at base, 8-11 mm. long, 5-9 mm. wide, the

free lobes suborbicular to obovate with ciliate margins and apiculate

apices, persistent and reflexed in fruit. Petals 5, connate at base, (3-)

4-5 cm. long, 3-4 (-4.9) cm. wide, obovate to suborbicular in outline with

entire or erose, wavy margins, the abaxial surfaces sericeous toward the

base. Stamens numerous, the filaments purple, connate at base forming

an ill-defined tube ca. 1 mm. long, the tube entirely adnate to the base

of the corolla; free portions of the filaments up to 10 mm. long, pubescent

at base; anthers bluish. Ovary ca. 5 mm. long at anthesis, subglobose,

4- or 5-angled, densely sericeous, the style glabrous, 3-5 mm. long, ter-

minated by 4 or 5 stigmatic crests. Capsules woody, reddish brown, finely

appressed pubescent, subglobose, 4- or 5-angled, often broader than long,

12-16 mm. long, 12-18 mm. broad, with apiculate apices, the base of

the deciduous style projecting 1-1.5 mm. from the apex of the capsule;

capsule dehiscing into 4 or 5 locules, by the outward and backward fold-

ing of the lateral margins of the valve walls, the apices of the valves re-

maining coherent or only slightly separated, one or two of the valves rare-

ly deciduous. Seeds 2 or 4 per locule (or fewer through abortion), 5-7

mm. long, 4-6 mm. wide, angular, ovate to subovoid in outline, wingless,

lustrous purplish or reddish brown. 2w = 30.

Distribution: Occurring in scattered localities on the Coastal Plain

and Piedmont in the southeastern United States from Virginia to Florida

and west to Mississippi, Louisiana, and Arkansas; known from two lo-

calities in the mountains of North Carolina and recently discovered in

Newton County in eastern Texas.

Representative specimens. Alabama. Butler Co.: 3 mi. SW of Greenville,
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R. M. Harper 98 20 VI 1906 (gh). Tuscaloosa Co.: Tuscalooj

s.n. 22 V 1884 (a). Arkansas. Ouachita Co.: Camden. .1. Fcndlei

(chi. Florida. Calhoun Co.: Chipola River. E of Clarksvillc.

56339 3 IV 1958 (gh) ; 7 mi. S of Alta. R. K. Godfrey *2

1931 (a). Okaloosa Co.: Big Creek. W of Laurel Hill, R. K. God frev 61291 2

VIII 1961 (GH). Santa Rosa Cm.: Kscambia River slope W oi Jay. A'. A'. God-

frey & H. Kurt 54758 10 V 1056 Ighi. Walton Co.: deep ravines and steep

hillsides near Eucheeanna, E. J. Palmer 38605 14 IV 1°31 iai: 14 mi. XE of

DeFuniak Springs, D. Plank, E. West. & /. E. Arnold, s.n. 6 \'
1 '.MS ten i; same

locality. D. Plank & E. West, s.n. XII 1948 (gh); S 1/2 mi. S of DeFuniak

Springs, R. R Smith 2537 7 V 196S (gh); 8 mi. W of Portland. E. L. Tyson.

s.n. 26 V 1952 (gh). Without locality: IV. Baldicin, s.n. (gh); A. W. Chapman,

s.n. 1845 (bm, gh). Georgia. Bulloch Co.: Lott's Creek, 7 1/2 mi. SW of States-

boro. G. P. DeWolf & J. A. Boole 1674 22 VIII 1961 (gh); Lower Lott's

Creek, K. Ussery 192 5 V 1962 ighi. Calhoun Co.: along [chawaynochaway

Creek 3 mi. W of Learv, R. F. Thome & W. C. Muenscher 7990 5 IV 1948

(gh). Candler Co.: ca. 3 mi. E of Metter, W. H. & M. B. Duncan 3964 24

VIII 1941 (A. gh); open woods, Salem Church. 2 mi. XE of Metter. E. T.

Wherry, s.n. 4.5 VII 1936 (cm. Hancock Co.: Spring Creek, 9.1 mi. E of

Milledgeville, W. H. Duncan 11024 2 VI 1950 (gh). Screven Co.: SE portion

of county, D. Eyles 6936 12 V 1940 (gh). Without locality: T. G. Harbison

1150 13 V 1913 (a, two sheets). Louisiana. Orleans Parish: Xew Orleans. T.

Drummond 204 1832 (bm). St. Tammany Parish: Covington. A". S. Cocks,

s.n. IV 1900 (a). Without locality: ,S'. B. Buckley, s.n. (bm); M. Carpenter,

s.n. (gh); /. Hale, s.n. (gh). Mississippi. Forrest Co.: Hattiesburg, T. G. Har-

bison 10 19 V 1915 (a). George Co.: plant 10 ft. tall. University of Mississippi

Forest land near Benndale. D. Demaree 34934 25 IV 1954 (gh). Perry Co.:

woods along Tallahala Creek near Runnelstown. S. B. Jones. Jr. 5195 4 V 1966

(gh). North Carolina. Craven Co.: W of Xew Bern. T. G. Harbison, s.n. 20

IV 1919 (a). Duplin Co.: Coshen Swamp. 3 mi. SW of Kornegay. H. E. Ahles

& G. Ramseur 24063 21 IV 1957 (gh). Hertford Co.: pine-hardwood forest

2 mi. W of Camp P-D. F. W. Woods & D. E. Moreland 731 26 VIII 1948

(gh). Jones Co.: hardwood forest on Island Creek, A. E. Radford 6649 30

VIII 1952 (gh). Onslow Co.: near Xew River 2 mi. SW of Green Branch.

D. E. Moreland. s.n. 22 V 1948 (gh). Pasquotank Co.: 1 mi. S of Elizabeth

City. A". .1/. Wiegand & W. E. Manning 1977 17 VI 1927 (gh). South Carolina.

Beaufort y\v. SW of Middleton Gardens, ca. 15 mi. XW of Charleston. W. H.

sheets). Dorchester Co.: near Dorchester. /. H. Mellichamp, s.n. 1889 (a).

Georgetown Co.: shady woods near Andrews. T. G. Harbison, s.n. 26 IV 1918

(a). Texas. Newton Co.: Little Cow Creek E of Old Hemphill Road. ca. 15

mi. XW of Burkeville. D. S. Correll. et al. 29632 16 V 1964 (gh). Virginia.

Accomac Co.: Messongo Creek. E. Mears. s.n. V 1SS6 ighi. Xorfolk Co.:

rich woods near Gertie. M. L. Femald & L. Griscom 4455 7 V 1935 (a, gh)
;

Great Dismal Swamp W of Yadkin, M, L. Femald & B. Long 11078 (gh); same

locality. M. L. Femald & B. Long 12131 11 VI 1940 (gh); 10 mi. S of Xorfolk.
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E. B. Harger 419 28 V 1900 (gh). Princess Ann Co.: wet woods near Pungo,

M. L. Fernald & B. Long 10726 22 VII 1939 (gh). Without locality: /. Clay-

ton, s.n. (bm, two sheets, linn); Michaux, s.n. (p).

Cultivated. New York: Oyster Bay, Long Island, Hortus H. de Forest, A.

Rehder, s.n. 9 IX 1921 (aah, two sheets). Pennsylvania: Germantown, Hortus

\V. J. Campbell. W. J. Campbell, s.n. 6 VI 1935 (aah). South Carolina: Harts-

ville, Hortus W. C. Coker, E. J. Palmer 42378 18 V 1934 (aah). Virginia:

Wachapreague, Hortus Mrs. J. M. Durbin, /. M. Durbin, s.n. 14 IX 1967 (aah).

Stewartia Malacodendron appears isolated within the genus and is

remarkably uniform throughout its range. It is recognized in flower by

its androecium with purplish stamen filaments and bluish anthers. The

capsules of S. Malacodendron are distinct in their dehiscence which oc-

curs by the outward and backward folding of the lateral margins of the

valves at the sutures between the valves. Seeds of S. Malacodendron are

also diagnostic; their angular shape and the dark, smooth, and shining

seed coat are not repeated elsewhere in the genus.

Although primarily a species of the Coastal Plain in the southeastern

United States, where it inhabits low rich woodlands, usually along stream

banks and on ravine slope- Stnvartiu 1/ /' •: tidron is also known from

a few localities on the Piedmont and in the mountains of North Carolina

in Avery and Macon Counties. Its range overlaps that of S. ovata. but

sympatric populations are not known.

Of the specimens that Clayton sent to Gronovius, one, sent by Gronovius

to Linnaeus, is in the Linnaean Herbarium in London, while two additional

specimens are preserved at the British Museum.

3. Stewartia serrata Maximowicz. Bull. Acad. Sci. St.-Petersb. III. 11:

430. 1867; Mel. Biol. Acad. Sci. St.-Petersb. 6: 201. 1867, "Stuartia."

Holotype: presumably at le, but not seen.

1950. Holotype: S. 'kuvama. s.n. (tns, sheet #80681 0-
Stewartia serrata forma sericea (Nakai) Hara. Enum. Spermatopl

. 3: 169. 1954.

a epitricha Nakai , Bull. Natl. Sci. IVlus. Tokyo 29 : 92. 1950 . Holo-

Z. Taskiro, s.n. (tns, sheet #18654
Steward a serrata var. epitricha i Nakai) Oh 8ri," Bull. Natl. Sci. Mus. Tokyo

33: 7<). 1953; Fl. Jap. basionym not cited.

epitricha (Nakai) iOhwi, Fl. Jap. Kimlish I

1965. invalid, basionyrr I not cited.

Small trees to 10 m. (?')• periderm on y<>ung shoots ex foliating in thin

strips or flakes, the young branchlets fine'ly pubescent. slender. grayish

and reddish brown: bark ( m older limbs smo( )'th. reddish bt hating;

winter buds compressed, •4-6 mm. long witli 2 reddish-brown. ma

i

ginallv

Petioles (2-)S-V hollowly f
rrooved

on the atiaxial surface; 1 eaf blades ovate to lanceolate or oblanceolate,

(1.7-)2.5 -7.5 cm. long. (1-) 1.4-2.6 cm. wide, with acuminate apices.
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tered hairs. 1

Mowers axilla

Ltc bases, (25 »30 33 mm. long, 20 25

base. Stamen- numerous the filaments

up to 25 mm. long, connate at the base, forming a tube 7 -8 mm. long, the

entire tube adnate to the base of the corolla, the free portions of the

filaments finely pubescent at the base; anthers yellow. Ovary subglobose.

5-angled, glabrous. 3-4 mm. hum at anthesN. t a; mm iiilt into a glabrous

mm. long, the arms marginally ciliate and often appearing connate. Cap-
sules reddish brown. (13-) 16-18 mm. long, (12-) 14-1 7 mm. wide, com-

pletely glabrous. subglobose. 5-angled. with short rostrate apices, the

style deciduous nearly at the apex of the ovary: capsule dehiscing into

5 locules, the locule walls 6-9 mm. wide. Seeds 2 per locule. 9-12 mm. long.

5-7 mm. wide, planoconvex, obovate in outline, oblique at the notched base

with a narrow wing surrounding the raised central portion, reddish brown,

the surface finely puncticulate. In = 30.

Distribution: Known from scattered localities in mountainous areas

of southcentral Honshu. Shikoku. and Kyushu Islands. Japan: cultivated

in western gardens.

Representative specimens. Honshu. Pref. Kanacawa: Mt. Tanzawa. V.

Hayashi. s.n. 20 VII 1956 (txs); Mt. Kamiyama, t. Huntsawa 1479 22 X 1951

delpha); Mt. Kamiyama. in Faxus tore-'. M. Mizushima 7<>h 2S XI 1950 (a);

same locality, rather common in forest. M. Mizushima 1*17 22 X 1951 (a);

Mt. Tanzawa. 5. Okuyama 20189 IX 1962 (txs): Mt. Komagatare (?), A'. Sa-

kurai. s.n. 9 VII 1910 (a">: Mt. Kozukayama. T. Saicada 2177 20 VI 1927 (a);

Mt. Komagatake. E. H. Wilson, s.n. (a). Pref. Shkuoka: Mt. Amagi. G.

Hashimoto, s.n. IS VIII 1932 (txs): same locality. 1". Haxashi. s.n. 7 VII 1951

(txs): same localitv. in summer-green forest. M. Mizushima 2453 22 X 1955

(a); Abe-toge. S. Okuxama. s.n. 22 VII 1959 (txs): Mt. Amagi. T. Sawada

2219 2 VIII 1927 (a). Kyushu. Pref. Fukcuka: Mt. Hiko at 1000 m.. J. Ohu-

chi. s.n. 24 VI 1951 (txs). Pref. Kumam-tm; Mt. Ichiiusa. T. Suzuki, s.n.

Higashiusuki-gun. D.
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Nagasaki (or Pref. Fukuoka ?): Mt. Hikosan, Maximowicz, s.n. 1863 (bm, two
sheets, k, p, us). Shikoku. Pref. Tokushima: Mt. Tsurugi, K. Abe. s.n. 19

VIII 1930 (tns); same locality, K. Abe, s.n. 25 VII 1947 (tns); same locality,

/. Nikai, s.n. 13 VIII 1904 (tns); same locality, no collector, VIII 1909 (e).

Cultivated. England. Sussex: Borde Hill, A. B. Jackson, s.n. 19 VI 1939

(bm); Horsham, Hortus E. G. Loder, Leonardslee, E. G. Loder, s.n. 23 VI
1915 (K); same locality. E. G. Loder, s.n. U VI 1917 (k). Surrey: Royal

Botanic Gardens, Kew, Ace. # 130-98-13001, W. T. Gillis, s.n. VI 1973 (aah).

United States. Connecticut: The Conde Nast Garden, Greenwich, no collector,

21 VI 1938 (aah, two sheets). Massachusetts: Arnold Arboretum, plant from

Royal Botanic Gardens. Kew. 1938. Ace. # 615-38. E. J. Palmer, s.n. 21 VI 1938

(aah). Pennsylvania: Morris Arboretum, plant from F. D. Moore & Sons,

Ace. # 62-96, /. M. Fogg, Jr., s.n. 11 VII 1962 (moar).

Maximowicz based Stewartia serrata on a collection from Mt. Hiko-

san on the island of Kyushu, Japan, and the holotype is presumably in

Maximowicz's herbarium at Leningrad. Included in the collections ex-

amined in the present study are four sheets of S. serrata, one each at k
and us, and two at bm, which were collected at the type locality by
Maximowicz in 1863. These sheets are undoubtedly authentic material,

presumably isotypes, but such designation must await examination of

the Leningrad collections.

Variable in foliage indumentum, Stewartia serrata is otherwise relatively

invariable in other foliage and floral characters. Nakai, studying the

Japanese and Korean representatives of the genus, segregated S. epitricha

from 5. serrata on the basis of a finely pilose indumentum on the surfaces

of the leaves and along the veins. Furthermore, he recognized as var.

sericea of S. serrata those plants with sericeous pubescence along the

veins on the lower surfaces of the leaves. Leaves of S. serrata are, how-
ever, generally glabrescent; the young leaves are usually characterized by
a sericeous-pilose indumentum, and the species and variety recognized by
Nakai appear to be artificial segregates based on differences that are

probably environmentally induced and within the genetic potentiality of

Stewartia serrata is most closely related to the Chinese S. rostrata, from
which it differs in its smooth, exfoliating bark, its completely glabrous

gynoecium and capsules, and its 5-loculate ovary with two ovules and/or
seeds per locule. From S. monadelpha, the only other Japanese species

with which it might be confused. S. serrata differs in its small winter buds
with two overlapping scales, its larger flowers with the subtending floral

bracts and sepals similar in size and shape, and in its subglobose. entire-

ly glabrous gynoecium and capsules.

4. Stewartia rostrata Spongberg, sp. nov. Figure 2, a-e.

Species distincta, Stewartiae serratae, S. monadelphae, et S. sinensi af-

finis, sed ex his speciebus facile distinguenda periderma non exfoliata, et

cortice arcto cum fissuris approximatis et non profundis. Differt a S. ser-

rata pubescentia sericea basi ovario capsulaque et quattuor ovulis vel
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seminibus in loculis omnibus; a 5. tnonadelpha et S. sinense ovario sub-

globoso vel globoso sericeo non nisi in basi vera et capsula globosa vel

subglobosa basi sericea apice valde rostrata.

Shrubs or small trees with ascending branches to ca. 10 m., usually with

several branches from the base; periderm on young growth non-exfoliat-

ing, the bark slate-gray, tight with close shallow fissures; winter buds

compressed, ca. 5 mm. long with 2 or 3 finely pubescent imbricated scales.

Petioles (2-)4-6(-9) mm. long, shallowly grooved on the adaxial surface;

leaf blades ovate to elliptic. (2-)6-10.5 cm. long. (1. 2-) 2. 5-4.5 cm. wide,

FrGURE 2. Stewartia. a-e, S. rostrata: a, dormant winter buds, X 2;

bract, X 2 ; c, gynoecium with pubescence only at base of ovary, X i

hisced capsule with persistent floral bracts and calyx, X 11/2; e, sei

f-j, S. sinensis: f, dormant winter buds, X 2; g, floral bract, X 2; h. gy

X 2 ; i, dehisced capsule with persistent floral bracts and calyx, X 1 1/2

X 4. k-o, 5. monadelpha: k, floral bract. X 2; 1, androecium, X 2; n

cium, X 2 ; n, capsule with persistent floral bracts and calyx, X 11/2;
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! apices, rounded bases, and serrate margins, the teeth with

apiculate tips; lower surfaces of the blades with scattered long hairs,

particularly on the elevated midvein, and with tufts of short hairs in the

axils of the midvein and lateral veins. Flowers axillary, pedicels 5-7 mm.

long; bracts subtending the calyx foliaceous, subopposite, (12-) 15-20

mm. long, (6-) 8-1 2 mm. wide, ovate with a acuminate apices and ir-

regularly undulating margins, persistent. Sepals 5, connate at the base,

the free lobes similar to the bracts in outline, ovate to obovate or orbicular

with acute or sometimes rounded apices and irregularly undulating margins,

12-18 mm. long, 7-10 mm. wide; sepals persistent, the calyx becoming

lignified at the base, in fruit spreading or strongly reflexed beneath the

capsule, often clasping the twig below. Petals 5, connate at the base, 2.8-

3.8 cm. long, 2-3 cm. wide, obovate to suborbicular with erose margins

and cuneate bases, the abaxial surfaces finely sericeous. Stamens numer-

ous, the filaments up to 25 mm. long, connate at the base into a tube 6-9

mm. long, the tube adnate to the corolla; free portions of the filaments

finely pubescent at base; anthers yellow. Ovary subglobose or globose, 5-

or 6-angled, densely sericeous at the base, glabrous above, ca. 3 mm. long

at anthesis, tapering into a glabrous style; styles 16-18 mm. long, terminat-

ing in 5 or 6 marginally ciliate stigmatic arms, each arm ca. 1.5 mm. long.

Capsules subglobose or globose with a rostrate apex, strongly 5- or 6-

angled, the body of the capsule 12-16 mm. long, 14-16 mm. broad with

the persistent portion of the style projecting 5—8(—10) mm. above; cap-

sule finely and obscurely pubescent at the base, brownish with a purplish

red apex at maturity, becoming dark, blackish brown with age, dehiscing

apically into 5 or 6 locules, the locule walls 7-9 mm. wide. Seeds 4 per

locule, planoconvex, 8-10 mm. long, 6-7 mm. wide, obovate in outline,

notched at the base and narrowly winged, the wing ca. 2 mm. wide at the

apex; raised central portion finely rugose, yellowish brown, becoming

reddish- or chestnut-brown.

Holotype: rare tree in thicket near stream, Niushiung-an, Mo-fou-shan,

Hunan Province, China, 10 September 1947, Y. K. Hsiung 05819 (a).

; ther

,
Chin

Representative specimens. China. Chekiang Province: Tien Tai Shan, tree

40 ft. along stream side, C. Y. Chiao, s.n. 22 VII 1927 (a, e, us); no definite lo-

cality, tree at side of stream to 8 m. with brownish green bark, R. C. Citing 5177

23 VIII 1924 (A); Tien-moo-shan, shrub to 6 m., bark dim gray, R. C. Cking

5059 18 VIII 1924 (a); Tihtaishan, at 600 to 1200 m., R. C. Ching 1533 5-18

V 1924 (p). Kiangsi Province: Hushan, Forest Station, R. C. Ching 4795 (a,

k); Lushan Mountains at 700-800 m., H. H. Chung & S. C. Sun 574 17 VII

1933 (a); Lushan Mountains, H. H. Hu 2654 VIII 1934 (a); roadside, Russian

Valley, A. N. Steward 2735 (a, us); Ruling, E. H. Wilson 1722, in part 31 VII

1907 (a, two sheets, bm, e, two sheets, gh, us).

Cultivated. United States. Massachusetts: Arnold Arboretum, plant grown

from seed received from Lu Shan Arboretum, Kiukiang, China, 1936, Ace. #
769-36. A. C. Gibson 769 16 VI 1969 (aah), W. Judd, s.n. 9 IV 1937 (aah),
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E. Murray 314 7 IV 1965 (aah, moa:

(aah). Pennsylvania: Barnes Arboi

1962 (moar), /. M. Fogg. Jr.. s.n. 6

VII 1967 (moar); Morris Arhorctun

VII 1962 (moar), J. M. Fogg, Jr.. s

. J. M. Fogg. Jr.. s.n.

IX

It seems appropriate that the specific epithet of this previously un
ognized species of Stewartia emphasize its strongly rostrate capsules t

often remain on the branchlets for more than a year after maturation

dehiscence. First collected by E. H. Wilson in Kiangsi Province. Ch
under his number 1722. specimens of S. rostrata became mixed with speci-

mens of S. sinensis collected by Wilson under the same number. This

collection was cited by Rehder and Wilson when they described S. si?

and their circumscription included some elements of 5. rostrata.

tional details of the taxonomic and nomenclatural confusion are discussed

under 5. sinensis.

Character

bark non-exfoliating. exfoliating,

close with shal- smooth. &

2 or 3 imbricated

subglobose or

globose. 5- or

6-angled

cylindrical,

faintly 5- or

globose, 5-

densely sericeous

glabrous above

densely pilose completely

glabrous

1.6-1.8 cm. 0.6-0.8 cm. 1.7-2.0 cm.

s subglobose. 5-

rostrate. finely finely pilose

sed length. 8-10 mm., finely 7-9 mm., fin
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Stewartia rostrata is readily distinguished from S. sinensis and its clos-

est ally, the Japanese S. serrata, by a number of characters, several of

which are listed in Table 1, while some morphological details of S. ros-

trata and S. sinensis are illustrated in Figure 2.

In the horticultural trade plants of Stewartia rostrata may be listed and

sold as S. sinensis. The one living specimen of 5. rostrata at the Arnold

Arboretum was grown from seed obtained from the Lu-Shan Arboretum

in China in 1936, and seeds and propagating material from this large shrub,

now about 4 m. tall, have undoubtedly been distributed as S. sinensis.

5. Stewartia sinensis Rehder & Wilson, PI. Wilsonianae 2: 395. 1915.

Holotype: Wilson 2148 (a!); isotypes (a! e! k, two sheets!).

Figure 2, f-j.

Stewartia gemmata Chien & Cheng, Contr. Biol. Lab. Sci. Soc. China, Bot.

Ser. 6: 66. 1931. Syntypes: Chien 737, Ching 3006 (Herb. Biol. Lab.

Sci. Soc. China, Nanking, not seen); isosyntypes: Chien 737 (a! k!),

Ching 3006 (a, two sheets! k, two sheets!).

Stewartia monadelpha sensu Bean, Trees & Shrubs Hardy Brit. Isles, ed. 1.

2: 553. 1914, non Siebold & Zuccarini.

Ascending shrubs with several branches from the base or small trees

to ca. 20 m. (?); periderm on young shoots flaking or exfoliating in thin

strips, the bark becoming smooth and mottled with alternating reddish-

brown and lighter buff-colored areas, exfoliating in thin sheets; winter

buds compressed, relatively large, ca. 1 cm. long with 4 or 5 silvery-pubes-

cent imbricated scales. Leaves with petioles 3-10 mm. long, shallowly

grooved on the adaxial surface; blades ovate, elliptical, or oblanceolate,

3-10.5 cm. long, 1.4-4.5 cm. wide, with acuminate apices, serrate margins,

and rounded or cuneate bases, both surfaces sparsely but finely sericeous,

becoming glabrous. Flowers axillary, the pedicels (3-)10-16(-29) mm.

long; bracts subtending the calyx often appearing articulated on the base

of the calyx, foliaceous, subopposite, ovate with acuminate apices and ir-

regularly serrate margins, (9-) 11-19 mm. long, 7-11 mm. wide, persistent.

Sepals 5, erect in bud, finely pubescent on the abaxial surface at the base,

an outer pair resembling the bracts in outline and size, (9-) 11-20 mm.
long, 7-11 mm. wide, the 3 inner sepals ovate to lanceolate in outline,

11-20 mm. long, 3-5 mm. wide; sepals persistent, becoming lignified at

the base, in fruit spreading slightly, or erect and appressed to the de-

hisced capsule. Petals 5, connate at the base, obovate to suborbicular

with slightly erose margins and cuneate bases, 2.5-3.2 cm. long, 1.5-2.5

mm. wide, the abaxial surface sericeous. Stamens numerous, the filaments

up to 20 mm. long, connate at the base into a tube 5 or 6 mm. long, the

tube adnate to the base of the corolla, the free portions of the filaments

glabrous or with scattered hairs at their bases; anthers yellow. Ovary

cylindrical, 6-7 mm. long during anthesis, densely pilose over the entire

surface, tapering into a glabrous style; style 6-8 mm. long, terminating

in 5 or 6 marginally ciliate stigmatic arms, each arm ca. 2 mm. long.
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Capsules grayish brown, finely pubescent, particularly at the rostrate

apices, ovoid and 5- or 6-ribbed, 14-19 mm. long, 9-12 mm. broad, the

styles deciduous at apex, dehiscing into 5 or 6 locules, the locule walls 3-5

mm. wide. Seeds 2 per locule, 7-9 mm. long, 4 mm. wide, planoconvex,

obovate in outline, obtuse at the base with a very narrow wing surround-

ing the raised central portion, the wing often emarginate at apex, the sur-

face finely puncticulate, grayish brown.

Distribution: Moderate elevations in the mountainous regions of east-

central China; infrequently cultivated in western gardens.

Representative specimens. China. Anhwi i Proyimh: Want'shan. southern Anh-

wei, R. C. Ching 3006 15 VII 1925 (a, two sheets, k, two sheets) ; same locality,

R. C. Ching 3023 15 VII 1925 (a. two sheets. El; same locality. II'. C. Cheng

4203 21 X 1933 (bm, p, us). Chekiang PROVINCE: western Tien-mu-shan. S. S.

Chien 737 11 VIII 1929 (a, k); Tihtaishan at 3.500 ft.. R. C. Ching 1533 10 V
1924 (a, e, us); near Siachu at 300-1000 m.. R. C. Citing 1644 24 V 1924 (a.

two sheets, us); no locality or date. R. C. Ching 4584 (a); west Tienmu at 3.000

ft., H. H. Hu 1643 22 VI 1927 (a); Tien-tai-shan at 2.400 ft.. Y. L. Keng 1083

13 VIII 1927 (a); no localities or collectors. Lingnan University Nos. 78228,

78229, 78230 (a, three sheets). Hupeh Province: no locality. A. Henry 6166

1885-88 (a, bm, gh, us, paratypes); western Hupeh. E. H. Wilson 2148 VII

1901 (a, two sheets, e. k. two sheet-. Kiangsi Province: near Ruling. II'. V.

Chun 4288 26 X 1922 (a); Chuen Yuen. Z. S. Chung 81971 14 VI 1937 (a);

Lushan Mountains at 70O-800 ft.. H. H. Chung & S. C. Sun 164 28 VI 1933

(a); same locality, H. H. Chung & S. C. Sun 578 19 VII 1933 (a); same locality,

H. H. Hu 2363 VIII 1934 (a); Land's End .4. N. Steward 2687 31 VIII 1922

(a, e); Huang Ai Sze, A. N. Steward 4665 26 VIII 1923 (a, us); Ruling, at

4,000 ft., E. H. Wilson 1722 29 VII 1907 (a, paratype); same locality. E. H.

Wilson 1722 31 VII 1907 (e, gh, us, paratypes. all mixed collections with S.

rostrata). Szechwan Province: no locality. A. Henry 7392 1SS5-SS (bm. gh.

p, paratypes); Mushan [Hsien], A. Henry 7392a 1885-88 (a, us, paratypes).

Cultivated: England. Devon: Cann House. Crown Hill. H. W. Grigg, s.n.

(k). Cornwall: garden of G. H. Johnstone. Grampound Road. 12 VII 1934

(k). Surrey: Royal Botanic Gardens, Kew. Ace. # 641-10-64102. W. T.

Gillis, s.n. VI 1973 (aah). Without locality: (BM, two sheets). United States.

District of Columbia: U.S. Natl. Arboretum. Ace. # 912, P. M. Mazzeo. s.n.

21 VI 1965 (moar). Massachusetts: Arnold Arboretum, plant grown from

seed received from Sun Vat Sen Memorial Park. Nankins. China, 1934. Ace.

# 531-34-C, E. Murray 316 7 IV 1965 (aah); same Ace. #, A. C. Gibson 783

20 VI 1969 (aah); same locality, no Ace. #,T.R. Dudley, s.n. 18 VIII 1960

In the protologue accompanying the description of Stewartia sinensis.

Rehder and Wilson cite two of Wilson's Chinese collections (and one of

seed) from western Hupeh and Kiangsi Provinces, as well as three col-

lections by Augustine Henry from Hupeh and Szechuan Provinces. W ll-

son's number 2148 is designated as the type. In the herbarium of the

Arnold Arboretum, Cambridge, Wilson's number 2148 is represented by

two sheets, one of which has, above the label, in Wilson's hand, "Type."

This sheet, therefore, is the holotype of the name Stewartia sinensis.
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Careful examination of the paratypes reveals that two taxa are present.

All of the Henry collections (including one flowering and two fruiting col-

lections) correspond with the holotype, but the remaining Wilson col-

lection (number 1722) consists of fruiting material of Stewartia rostrata

and on some sheets of this collection, foliage of S. sinensis as well. It is

apparent that Rehder and Wilson inadvertently assumed that the fruiting

specimens of S. rostrata represented the same taxon as the flowering col-

lections. Moreover, although their description of S. sinensis encompasses

some aspects of S. rostrata, vegetative, floral, and fruit characters evident

in the holotype and paratypes indicate differences sufficient for maintain-

ing the two taxa as distinct.

The periderm on young branches of the holotype of Stewartia sinensis

is a rich reddish-brown color, very smooth and, in places, exfoliating in

thin, irregular patches. On young branches of 5. rostrata the periderm

is grayish brown, closely and finely fissured, and tends to exfoliate in

long, very thin strips. The terminal and lateral buds of S. sinensis are

relatively large (ca. 1 cm. long) and consist of 4 or 5 imbricated scales,

while those of S. rostrata are half as long (ca. 5 mm.) and consist of 2

or rarely 3 imbricated scales. Finally, the ovaries of the flowering speci-

mens of S. sinensis are pilose over the entire surface, as are the capsules of

the fruiting Henry collections (numbers 7392 and 7392a). The capsules

of S. rostrata present in WT

ilson's collection 1722, however, are glabrous

except at the very base.

In describing Stewartia gemmata, here reduced to synonymy under S.

sinensis, Chien and Cheng contrasted S. gemmata with S. sinensis, from

which S. gemmata was stated to differ in its variable pedicel length, its

completely pubescent ovary, its pale-brown, smooth bark, and its dis-

tinct winter buds. An examination of type material of 5. sinensis and

comparisons between these collections and the isosyntypes and paratypes of

S. gemmata indicate that Chien and Cheng inadvertently redescribed plants

corresponding to S. sinensis. Although Chien and Cheng were apparently

aware that two elements were passing under the name S. sinensis, they

did not know which of the two elements corresponded with the holotype

of that species. As a result of this situation, the unnamed taxon is de-

scribed here as the new species, S. rostrata.

Stewartia sinensis and S. monadelpha of Japan are very closely related

taxa, here treated as distinct species. All the floral parts of 5". sinensis

are larger; in addition, its ovoid floral bracts are subequal to the five

calyx lobes. In S. monadelpha on the other hand, the oblong floral bracts

are longer than the small, ovoid-deltoid calyx lobes. Styles of S. sinensis

are 6-8 mm. long, and the seeds range in length from 7 to 9 mm., while

in S. monadelpha the styles are 3-4 mm. and the seeds 5-6 mm. long.

Further studies, particularly genetic and breeding investigations, may
indicate a relationship between the two species best expressed by treating

5. sinensis as a subspecies of 5. monadelpha.

6. Stewartia monadelpha Siebold & Zuccarini, Fl. Japonica 1: 181.

t. 96. 1841. Holotype: H. Burger, presumably at le, but not seen.

Figures 2, k-o, and 3.
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Figure 3. Stewartia monadclpha. Photograph by E. H. Wilson (negative

#4739) of several large trees of 5. monadelpha at 780 m. in a Trochodetidrofi-

Abies forest on the Japanese island of Yakushima in February. 1914. The

scale, note the man
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Stewartia sericea Nakai, Bull. Natl. Sci. Mus. Tokyo 29: 92. 1950. Holo-

type: F. Hayashi, s.n. (tns, sheet #80767!).

Stewartia monadelpha Siebold & Zuccarini forma sericea (Nakai) Hara,

Enum. Spermatophytarum Jap. 3: 169. 1954.

Shrubs with several branches from the base or trees to 25 m.; periderm

on young shoots exfoliating in thin strips or flakes, the young branches

pubescent, becoming smooth and reddish brown; bark smooth and mottled

with alternating reddish-brown and lighter buff-colored areas, exfoliating

in thin sheets; winter buds compressed, ca. 7 mm. long with 3-5 (-7)

finely pubescent, imbricated scales. Petioles 4-15 mm. long, shallowly

grooved on the adaxial surface; leaf blades ovate, elliptical to lanceolate,

4.2-10 cm. long, 1.6-3.4 cm. wide, with finely crenate-serrulate margins

ciliate when young and with incurved teeth, acuminate apices, and broad-

ly to narrowly cuneate or attenuate bases ; upper and lower surfaces of the

blades finely appressed-pubescent, primarily along the veins, often with

axillary tufts of hairs in the axils of the midvein and lateral veins beneath.

Flowers axillary, very rarely 2 together, the pedicels ( 5—) 7— 10(— 16) mm.

long; the persistent bracts subtending the calyx foliaceous, subopposite,

oblong to oblong-ovate, 9-17 mm. long, 4-7 mm. wide, with acuminate to

obtuse apices and finely serrulate margins. Sepals 5, connate at the base,

the free lobes subequal, ovate to suborbicular, 5-7 mm. long, 3-4 mm.
wide, with acute to acuminate apices; calyx persistent, appressed to the

lower portion of the maturing capsule, in fruit the lobes erect or slight-

ly reflexed. Petals 5, connate at base, obovate to suborbicular with slight-

ly erose margins and cuneate bases, 11-15 mm. long, 8-12 mm. wide, the

abaxial surface sericeous. Stamens numerous, the filaments connate at

the base into a tube ca. 4 mm. high, the tube adnate to the base of the

corolla; free portions of the filaments finely pubescent, up to 10 mm. long.

Ovary conical, 5-angled, 3-5 mm. long at anthesis, densely pilose and

tapering into the basally pilose style; style glabrous above, 3-4 mm. long,

terminating in 5 stigmatic arms, the arms 1-2 mm. long. Capsules 11-14

mm. long, 7-11 mm. broad, ovoid, reddish brown, finely pubescent, par-

ticularly at the rostrate apices, 5- or occasionally 6-ribbed, dehiscing apical-

ly into 5 or 6 locules, the valve walls 4-5 mm. wide. Seeds 2 per locule,

5-6 mm. long, 3-4 mm. wide, planoconvex, irregularly obovate in outline,

reddish brown, the base often shallowly notched, the raised central por-

tion surrounded by a very narrow wing; surface finely puncticulate. In

= 30.

Distribution: Known from a few collections from mountainous re-

gions of south-central Honshu, Kyushu, and Shikoku Islands, Japan; cul-

tivated in western gardens.

Representative specimens. Honshu. Pref. Kanagawa: Hakone. A'. Hisau-

chi, s.n. 19 X 1950 (tns); Yokohama (Hakone). Maximowicz, s.n. 1862 (bm,

gh, p, a mixed collection with S. serrata) ; Hakone, bark orange-brown, smooth
and glossy. M. Mizushima 765 28 XI 1950 (a); Hakone, T. Sawada 2175 21 VI
1927 (a). Pref. Shizuoka: Mt. Tochu, Misakubo-cho, Shuchi-gun at- 1000 m.,

Y. Hayashi, s.n. 20 X 1949 (tns); Mt. Ashitaka. J. Su^imoto, s.n. 7 VIII 1962



1974] SPONGBERG. REVIEW OF STEWARTIA 207

(tns). Kyushu. Pref. Kagoshima: Mt. Kirishima at 100-1000 m.. Z. Tashiro,

s.n. 19 VIII 1917 (a); Island of Vaku or Yakushima, in mountains, U. Faunc
3801 1900 (bm); Island of Yaku, Mt. Nagata. Z. Tashiro. s.n. 9 VIII 1923 (tns);

Island of Yaku at 300-1500 m.. tree with pale brown bark. 15-25 m. tall. 2-4 m.

in diameter, E. H. Wilson 6024 20 II 1914 (a. three sheets, bm, gh). Without

definite locality: Herb. Zuccarinii. //. Burger, s.n. ik>: Herb. Zuccarinii, Sie-

bold, s.n. 1842 (gh); Herb. Zuccarinii, Siebold, s.n. 1843 (k); M. Blume. s.n.

(P).

Cultivated. England. Sussex: Nvmans Gardens. Handcross. no collector 5

VIII 1965 (k, two sheets). Germany. Hortus H. A. Hesse, Weener, 0. Luyken,

s.n. 1931 (aah). New Zealand. Botanical Garden, Christchurch, South Island,

W. R. Sykes 124914 1 XI 1962 (aah). United States. Connecticut: Stamford,

lot W of Stamford Hospital, A'. P. Marshall, s.n. 19 IX 1933 (aah). District

of Columbia: U.S. Natl. Arboretum, P. Mazzco, s.n. 23 VI 1965 (moar). Mas-
sachusetts: Arnold Arboretum, plant from seed from F. M. Ellis, Griffin, Ga.

Ace. # 22392-A, E. J. Palmer, s.n. 5 VII 1938 (aah, moar). New York: New
York Botanical Garden. H. Teitscher. s.n. 20 VI 1935 (aah). Pennsylvania:

Barnes Arboretum, /. M. Fogg, Jr., s.n. 22 VI 1962 (aah, two sheets, moar.

three sheets), 6 VIII 1962 (moar), 28 VI 1963 (moar), 3 VII 1967 (moar);

Ellis School Arboretum, Newton Square, /. M. Fogg, Jr., s.n. 13 VII 1962 (moar,

four sheets) ; Morris Arboretum Ace. # 58-186A, /. M. Fogg, Jr., s.n. 26 VI

1962 (a, moar), Acc. # 54-965, /. M. Fogg, Jr., s.n. 1 IX 1964 (moar), Acc.

# 5 7-2 51A, /. M. Fogg, Jr., s.n. 1 IX 1964 (moar); Ker Feal, Chester County,

/. M. Fogg, Jr., s.n. 2 VI 1962 (moar), 11 VII 1968 (aah. moar); F. D. Moore

& Sons Nurseries, Penn Valley, /. M. Fogg, Jr.. 22331 7 VII 1965 (moar).

Siebold and Zuccarini based Stewartia monadelpha on a collection made

by Dr. Heinrich Burger from the mountains on the island of Shikoku, Ja-

pan. Presumably, the holotype is among the 800-1000 Japanese types and

850 drawings in the Siebold and Zuccarini collection that, according to A.

P. de Candolle, are at Leningrad. Among the specimens I have seen is a

Burger collection of 5. monadelpha preserved at Kew. This is undoubted-

ly authentic material, probably an isotype, but such designation cannot

be made until the collections at Leningrad are examined. If, however, my
supposition is correct, the Burger collection, which lacks locality data,

would be the only sheet of this taxon examined from Shikoku Island.

The relations of Stewartia monadelpha are with S. sinensis and are dis-

cussed under that species.

Stewartia sericea, segregated from S. monadelpha by Nakai on the

basis of purported differences in pubescence of the foliage and branchlets,

differs in no way from the majority of specimens of S. monadelpha ex-

amined during this study. As a result. 5. sericea is reduced to the synonymy

of 5. monadelpha.

7. Stewartia X Henryae Li. Morris Arb. Bull. 15: 15. 1964. Holo-

type: H. L. Li, s.n. 9 June 1963 (moar!); isotypes (moar, two

sheets!).
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Small trees to ca. 10 m. with smooth, exfoliating bark; young branches

mostly zigzagged and slightly compressed; winter buds compressed, ovoid

and pointed at the apex, 6-7 mm. long with 3 or 4 silky, imbricated scales.

Petioles 7-14 mm. long, shallowly grooved on the adaxial surface; leaf

blades ovate to elliptical, (3.5-)5.8-8 cm. long, (2.5-)3-3.5(-5.5) cm.

wide, the margins ciliate and finely rounded-serrulate with very short

apiculate teeth; apices acuminate, the bases cuneate; blades finely ap-

pressed-pubescent on both surfaces, particularly along the veins of the

lower surface. Flowers axillary, pedicels 13-20 mm. long; persistent

bracts subtending the calyx, foliaceous, subopposite, oblong to oblong-

ovate, 12-13 mm. long, 7 mm. wide, with acute or rarely obtuse apices

and finely serrulate margins. Sepals 5, connate at base, the free lobes sub-

equal, suborbicular, 8-9 mm. long, 6-7 mm. wide, with rounded apices,

irregularly and finely serrulate margins, silky-sericeous on the abaxial

surfaces; sepals persistent, appressed to the lower half of the maturing

capsule, the lobes erect or slightly reflexed in fruit, eventually deciduous.

Petals 5, connate at the base, obovate to suborbicular, 2.5-2.8 cm. long,

2.1-2.7 cm. wide, with finely erose margins, the abaxial surfaces sericeous.

Stamens numerous, the filaments connate at the base into a tube ca. 5 mm.
long, the tube adnate to the base of the corolla, free portions of the fila-

ments ca. 10 mm. long, the bases of the filaments finely pubescent. Ovary
conical, 5-lined, ca. 9 mm. long at anthesis, pilose, the glabrous style ca.

4 mm. long above, terminating in 5 stigmatic arms, each arm ca. 1 mm.
long. Capsules 13-23 mm. long, 10-16 mm. broad, ovoid, reddish brown,
finely appressed-pubescent, S-ribbed, dehiscing apically into 5 locules, the

valve walls 5-6 mm. wide. Seeds 2 per locule, 6-7 mm. long, 5-6 mm.
wide, planoconvex, irregularly subovate in outline, the base and the

winged apex shallowly notched, reddish brown, the raised central portion
finely rugose.

Distribution: Occurring spontaneously, known from several small
trees and seedlings in cultivation at the Henry Foundation for Botanical
Research, Gladwyne, Pennsylvania. In addition to the types, it is repre-
sented by the following two collections.

United States. Pennsylvania: Henry Foundation, H. L. Li, s.n. 12 I 1964
(moar, paratype), S. A. & H. C. Spongberg 73-184 8 V 1973' (aah).

Stewartia X Henryae differs only slightly from S. pseudocamellia (5.
koreana), and most of the characters by which Li establishes the position
of S. X Henryae between S. pseudocamellia and 5. monadelpha are open
to modification. Examination of a series of preserved specimens of both
putative parents from the Henry Foundation indicates that in most in-

stances the measurements and character states listed as differing between
5. X Henryae and 5. pseudocamellia, the putative seed parent, can be
revised reducing the differences between the two taxa. Data listed under
bract number and branchlet pubescence for 5. {koreana) pseudocamellia
are incorrect on the basis of my studies. Young branchlets of 5. pseudo-
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camellia may be slightly pilose, at least to the degree exhibited by branch-
lets of 5. X Henryae. Furthermore, I have not seen flowers of 5. pseudo-
camellia subtended by more than two bracts, whereas Li lists the usual

numbers as four or five. The only differences found to support the puta-

tive hybrid status of 5. X Henryae are the decidedly greater length and
shape of the floral bracts, the smaller petal dimension (resulting in a
smaller flower diameter), and the presence of two ovules and/or seeds per

ovary locule. All three of these characters, as exhibited by flowers of S.

X Henryae, are suggestive of flowers of 5. monadelpha, but until cyto-

logical investigations and controlled hybridization experiments can be con-

ducted, the status of 5. X Henryae must, in my opinion, remain tentative.

8. Stewartia pseudocamellia Maximowicz. Bull. Acad. Sci. St.-Pe-

tersb. III. 11: 429. 1867; Mel. Biol. Acad. Sci. St.-Petersb. 6: 201.

1867, "Stuartiay Holotype: cultivated at Tokyo, presumably at

Stewartia grandiftora Carriere, Rev. Hort. 1874: 399. 187-

Stuartia grandiftora Siebold ex Briot Rev. Hort. 1879:

Stuartia japonica Hort. ex Nicholson, Kew Handb. Tree

Stewartia pseudocamellia var. koreana (Nakai ex Rehder) Sealy, Bot. Mag.
165: t. 20. 1948.

Small trees to 20 m., usually with several limbs from a short trunk;

periderm on young branches exfoliating in thin strips or flakes, the

branchlets dark blackish- or silvery-gray, often zigzagged and com-

pressed; bark smooth and mottled with alternating pinkish, brownish,

and grayish areas; winter buds compressed, 7-11 mm. long, with 2-4

finely pubescent imbricated scales. Petioles 4—10(— 15) mm. long, shal-

lowly grooved on the adaxial surface; leaf blades broadly ovate to ellipti-

cal, (1.5-)3.5-11.5 cm. long, (1.5-)2.5-6(-8) cm. wide, with acute to

acuminate apices, shallowly serrate margins, the teeth with short, black-

ish points, and rounded to cuneate bases. Flowers axillary, rarely terminal,

pedicels (0.8-)l-4 cm. long, seemingly increasing in length after anthesis:

bracts subtending the calyx subopposite to distinctly alternate, much
smaller than and closely appressed to the sepals, broadly reniform to ob-

long in outline with ciliate margins, sometimes with an acute apex, 4-8

mm. wide, 5-8 mm. long, the margins often overlapping laterally, persis-

tent. Sepals 5. enclosing the flower in bud. thickened and connate at base,

the free lobes subequal. suborbicular, 7-13 mm. long, (7-) 9-11 mm. wide,

with rounded or occasionally acute apices, densely silky sericeous abaxial

surfaces, and entire or ciliate margins; calyx persistent, almost totally en-

closing the maturing capsule, remaining erect or often reflexed or par-

tially deciduous in fruit. Petals 5, densely silky sericeous on the abaxial
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surface, connate at the base, suborbicular or scallop-shaped, 3-4.6 cm.
long, ( 1 .5—) 2—4 cm. wide, the margins wavy and erose. Stamens numer-
ous, the filaments up to 20 mm. long, connate at the base into a tube ca.

5 mm. long, the tube adnate to the base of the corolla, the free filaments

glabrous. Ovary conical, basally 5- or 6-lobed and densely pilose, 5-8
mm. long at anthesis, tapering into a glabrous 5- or 6-ribbed style 8-11
mm. long, the style terminating in 5 or 6 marginally ciliate stigmatic arms,
the arms 1-2 mm. long. Capsules light to dark reddish brown, finely ap-
pressed-pubescent, ovoid with rostrate apices and strongly 5- or 6-angled,
variable in size, (13-) 15-24 mm. long, (9-) 11-18 mm. broad, dehiscing
into 5 or 6 locules, the locule walls 6-8 mm. wide. Seeds 4 per locule,

2 often aborted, 5-8 mm. long, (3.5-)4-5 mm. wide, reddish brown or
purplish, ovate, obovate, or oblong in outline with an obtuse apex, essen-
tially wingless, the surface of the raised central portion puncticulate or often
finely rugose. In = 30.

Distribution: Mountainous regions of Northern and Central Honshu,
Kyushu, and Shikoku Islands, Japan, and in mountainous areas of the
southern Korean peninsula; widely cultivated in western gardens.

Representative specimens. Japan. Kyushu. Pref. Kagoshima: Mt. Onamicke
at 1400 m.,.7\ Tanaka 100183 4 VIII 1924 (a); Mt. Kirishima at 100-1000 m.,

Q. Tashiro, s.n. 24 VII 1917 (a.. Without locality: small tree 4-8 m. high, at
600-1000 m. E. H. Wilson 6231 8 III 1914 (a). Honshu. Pref. Chiba: near
Usui (?) at 4,000 m., P. H. Dorsett & W . J. Morse 985 VIII 1929 (a, us).
Pref. Gifu: no locality, K. Shiota 90 17 VIII 1927 (a), K. Shiota 7598 10 VII
1934 (a), K. Shiota 3860 3 VII 1928 (a), K. Shiota 112 28 VII 1929 (a). Pref.
Gumma: Mt. Myogi, N. Ishii, s.n. 20 VIII 1961 itxsj; same locality, M. Mizu-
shima 11653 5 IX 1953 (a); Mt. Akagi-san at 1300 m., M. Nishida 2687 10
VIII 1950 (a); Mt. Haruna, S. Okuyama 9234 11 VII 1937 (tns); Mt. Akagi,
T. Wakana, s.n. 1 VII 1968 (tns). Pref. Hyogo: Hyogoken, K. Uno 24145
17 VIII 1939 (a). Pref. Kanagawa: Yokohama, Maximowicz, s.n. 1862 (bm).
Pref. Kyoto: Sirakawa, H. Muroi 2762 25 VI 1955 (a). Pref. Miyagi: Ha-
naizumi, H. Muroi 4700 15 VIII 1955 (a). Pref. Nara: Odaigaharasan, M.
Ktime s.n. 26, 27 VIII 1943 (a). PrEF . Nagano: Kutsukake-Kose at 100 m.,M Mizushima 10165 15 VIII 1951 (a); without locality, R. Yatabe, s.n. 19
VII 1880 (a). Pref. Niigata: Mt. Yahiko, S. Togasi 1774 3 VII 1958 (a, e,
tns, us). Pref. Saitama: Nishitama-gun at 1120 m., .1/ Mizushima 257 3 14
VIII 1954 (a). Pref. Shiga: en route from Yakumoga-hara to summit of
Bunagatake in Hira Mountains at ca. 1000 m., K. Seto 5913 4 VIII 1955 (tns).
Pref. Tochigi: Nikko Urami-ga-taki, J. Bisset 4210 VIII 1887 (bm e two
sheets); Nikko. /. Bisset 4232 VIII 18S7 (bm, e); Nikko Mountains, L. Boeh-
mer, s.n. (a); Hanaishi, Urami, Nikko. M. Mizushima 2114 12 VIII 1952 (a);
shores of Lake Chuzenji, in forest, large tree. M Mizushima 2294 5 VII 1952
(a); same locality. M. Mizushima 2312 5 VII 1952 Ca); Mt. Hikosan, K. Sa-
kurai, s.n. 15 VII 1909 (a); Nikko. //. Sukurai. s.n. 2 VIII 1909 (e); shores of
Lake Chuzenji, tree 40-50 ft. X 2 ft., C. S. Sargent s n 3 IX 1892 (a two
sheets); same locality. .V. Suzuki 34S 23 VII 1939' (a); Nikko, Yokohama
Nursery Co., Ltd. VIII 1904. 1906 (e, two sheets) ; without locality, E. H.
Wilson 7677 21 X 1914 (a, us). Pref. Toyama: Arimine, Kaminiikawa-gun,
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T. Yamazaki 9781 4 VIII 1965 (a). Pref. Yamanashi: Mitsu-toge, S. Okuya-
ma 15379 7, 8 IX 1955 (tns); same locality, tree 10 m. high, 12 cm. d.b.h., 5.

Suzuki 91 15 VII 1952 (A). Shikoku. Pref. Ehime: Futatsuno, Iyo. A'. Wata-
nabe, s.n. 5 VIII 188S (gh). Without locality: U . Fawie 6125 VIII 1904 (a,

two sheets, bm, p); X. Mochizuki. s.n. V 1912 (i: ); V. Mochizuki. s.n. IX 1910

(e); T. Takemoto 113 (a); Tschonoski, s.n. 1864 (bm. gh, p, vs). Korea. Prov.

S. Keisho: Mt. Kirishan. A'. A". Smith 654 9 VIII 1934 (a, us); same locality,

K. Uno 23356 7 VIII 1938 (a) -ume lo< ihtx A'. Uno 23421 1 VIII 1938 (a);

tree, 15-40 ft. X 1-3 ft., common in woods, Mt. Kirishan, E. H. Wilson 9596

14 XI 1917 (a, two sheets, bm, us). Province uncertain: Mt. Kava. Kvoncsang-

Pukdo, C. In-Cho 1145 13 VI 1947 (Minn: Mt. Sonjrni. Chumi-dionc. C. ln-

Cho 3371 21 V 1948 (mich) ; Zennan, no collector, 7 VIII 1<>35 cY. 17 VII 1936

Cultivated. England. Cornwall: Trebah, Hext, s.n. IV 1938 (bm). Hamp-
shire: Exbury, Southampton, Hortus Major Rothschild, .1 B. Jackson, s.ti.

2 VII 1945 (bm). Surrey: Royal Botanic Gardens, Kew, Ace. # 071:42, W

.

T. Gillis, s.n. VI 1973 (aah); same locality, no collector, 10 VII 1947 (k).

Sussex: Borde Hill. .4. B. Jackson, s.ti. 15 VI 1940 (bm). France. Hortus Vil-

morin, R. L. de Vilmorin, s.n. 30 VI 1927 (aah). Japan. Pref. Tokyo: pardens

in Yedo, R. Fortune, s.n. VI 1861 (bm). New Zealand. South Island, Botanic

Garden, Christchurch, W . R. Sykes 1069 29 XI 1962 (aah). Scotland. Edin-

burgh, Royal Botanic Garden VI 1956 (e). United States. Delaware: Green-

ville, Mt. Cuba Botanical Park, R. C. Bauman 168 30 IX 1969 (aah); same
locality. 5. L. Kelsey 158 (aah). District of Columbia: U.S. Xational Arbore-

tum. F. G. Meyer & P. Mazzeo. s.n. 23 VI 1965 (moar). Massachusetts:
Arnold Arboretum. Ace. #11440-A & B, plants grown from seed collected by

E. H. Wilson in Korea, 1918. A. C. Gibson 268 22 VII 1968 (aah), M. Hol-

land & N. Payne, s.n. (aah. two sheets). E. J. Palmer, s.n. 29 VI 1942 (mich).

.4. Rehder. s.n. 21 IX 1922 (aah), ,1. Rehder. s.n. 2 XI 1926 (aah, two sheets),

A. Rehder, s.n. 22 IX 1927 (aah, two sheets). .4. Rehder, s.n. 21 IX 1927 (aah);

Ace. #405-42A. plant from F. W. Schumacher. Jamaica Plain, 1S82, J. M.
Fogg, Jr., 22404 1 X 1965 (moar), 5. Kreps, s.n. 10 VII 1965 (aah); North-

ampton, Smith College Botanic Garden, M. Campbell, s.n. 1965 (aah, five

sheets). New York: Glen Cove, Hortus C. A. Dana. 4 VII 18SS (aah). North
Carolina: Biltmore, Biltmore Herb. 5761 14 VII 1897 (aah). Pennsylvania:

Merion, Barnes Arboretum. /. M. Fogg. Jr., s.n. 22 VI 1962 (aah); Morris

Arboretum, Ace. # 64-659. J. M. Foqg. Jr.. s.n. 29 VI 1967 (aah); Swarthmore.

Scott Foundation. /. M. Fogg. Jr.. s.n. 29 VI 1962 (aah, two sheets).

The most widely cultivated Stewartia in western gardens, S. pseudo-

camellia was described by Maximowicz from specimens collected in

Japanese gardens in Tokyo. The type is presumably among Maxim-

owicz's collections at Leningrad, yet specimens at bm, gh, p, and us col-

lected in 1864 by Tschonoski. Maximowicz's Japanese assistant, may con-

stitute part of the type material. In addition, there is an 1862 Maximo-

wicz collection from Yokohama at the British Museum which may also

be type material.

Stewartia pseudocamellia is readily distinguished from other deciduous

species of the genus by its small broadly reniform to suborbicular floral

bracts that are conspicuously shorter than the calyx, the densely sericeous
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abaxial surfaces of the sepals, and its usually compressed and often zig-

zagged branchlets. As a distinct taxon, the affinities of S. pseudocamellia
with other deciduous species are obscure and may rather be with the
evergreen species that have been treated as members of the genus Hartia.

Rehder based Stewartia koreana on fruiting specimens collected by E.
H. Wilson in Korea and on plants grown at the Arnold Arboretum from
seeds from Wilson's collection. He distinguished the new taxon from S.

pseudocamellia on the basis of sepal shape and a combination of leaf

characters including shape, margin, indument, texture, and autumn colora-
tion. He also stated that branchlets of 5. koreana tend to be compressed
and zigzagged, while in S. pseudocamellia they are terete and relatively

straight. In 1928, after the plants grown from Wilson's seeds had flow-
ered, he amended the description with details of floral morphology but
concluded that flowers of S. koreana were not different from those of 5.

pseudocamellia except that the corolla is slightly larger and flatter, result-

ing in a more showy, open flower in 5. koreana.
According to Sealy (1948), who reduced Stewartia koreana to a variety

of S. pseudocamellia, the morphological characters stated by Rehder as

distinguishing the two taxa "do not exist . . . whilst others break down."
Sealy's contention that S. koreana was deserving of varietal rank, how-
ever, was based on its flatter, saucer-shaped corolla; in addition he ob-
served that in var. koreana the leaves are slightly smaller, more oval in

outline, and the pedicels are shorter.

Examination of herbarium specimens and plants of both taxa cultivated
at the Arnold Arboretum has led me to conclude that there are no re-

liable morphological distinctions that separate plants of the two taxa.
Sealy's observations that the leaves and pedicels of var. koreana are
slightly smaller than those of var. pseudocamellia are in general true,
yet the size and length variation in these two characters within his var.
koreana is as great as that within var. pseudocamellia. As a result, Stewar-
tia koreana is treated here as conspecific with S. pseudocamellia.

Observations that plants from Korea differ from those of Stewartia
pseudocamellia from Japan in autumn coloration, saucer-shaped flowers,
and a prolonged blooming period appear to be correct for Korean plants
I know of in cultivation. It should be pointed out, however, that most of
the Korean plants in cultivation at the Arnold Arboretum represent
plants derived from Wilson's original seed collection and are, as a result,
plants of one or perhaps a few clones. If these variations are to be rec-
ognized, particularly in the horticultural trade, recognition as a named
cultivar would be desirable.
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ADDENDUM
.vas sent to the printers, an additional name, Stewartia ru-

biginosa Chang, has been located in the literature (p 23 fig 6 in • H T Chang
Notulae Plantarum Austro-Sinicarum. Zho , |() . Ziran Kexue!
[Bull. Sunyatsen Univ.. Nat. Sci.] 2: 19-48. 1959). Stewartia rubiginosa was
allied to S gemmata (= S. sinensis) by Chang, but judging from the Latin de-
scription it is perhaps closer to S. pseudocamellia. This new species is a deci-
duous tree to ca. 15 m. with smooth, reddish-brown bark and short-petiolate,
elliptic-ovate leaves 9-13 cm. long, 5-6.5 cm. wide. The flowers are subtended
by two reniform bracts about half as long as the sepals. The ovaries are hirsute,
and the corollas are comprised of large petals. 3.5-4 cm. long. Capsules are
unknown. The type, H. Fung & P. Tsang 10722, was collected in Kwangtung
province, China, at Yingtak on Mt. Wat-shui-shan; it is presumably in the
herbarium of Sunyatsen University. I have neither seen any specimens that
could be referred to S. rubiginosa, nor have I seen any reference to this species
except m the obscure original publication. If duplicates of the type collection
were at one time distributed to western herbaria, Dr. S. Y. Hu of the Arnold
Arboretum (whom I thank for translating the Chinese) suggests that the col-
lection might appear under a Lingnan University number. S.A.S.
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STUDIES OF PACIFIC ISLAND PLANTS, XXVIII.

THE GUTTIFERAE OF THE FIJIAN REGION »

Albert C. Smith and Steven P. Darwin

The most comprehensive reviews of the large and complex family

Guttiferae (Clusiaceae) have been those of Vesque (1889, 1893) and

Engler (1925), but the family remains taxonomically difficult in many

parts of its pantropical range. With the primary aim of clarifying the

taxonomy and nomenclature of the Fijian components, we have reviewed

much of the herbarium material available from the Fijian Region, the

area extending from the Santa Cruz Islands and the New Hebrides to

Tonga and Samoa. Only three genera are indigenous in this area: Calo-

phyllum, with nine species. Mammca, with two species, and Garcbua. with

five species. Of the 16 species here treated, four are described as new.

Generic classifications in the Guttiferae are still unsatisfactory. Vesque

having followed Planchon & Triana (1860-62) in utilizing certain an-

atomical characters that are of questionable taxonomic utility. For in-

stance, it is not feasible readily to determine whether the cotyledons are

large and the radicle minute, as in Calophyllum, or whether the cotyledons

are small and the bulk of the seed composed of a tigellus. as indicated for

Garcinia by Vesque and Engler but questioned by Kostermans (1956).

The genera of our area are readily recognized by the gross characters used

in the key below, although such a key may not reflect the entire composi-

tion of the genera.

We express our appreciation to the administrators of the following in-

stitutions who have made their herbarium collections available to us:

Arnold Arboretum of Harvard University (a) ; Bernice P. Bishop Museum

(bish); British Museum (Natural History) (bm); Gray Herbarium of

Harvard University (gh); Royal Botanic Gardens. Kew (k); Depart-

ment of Botany, University of Massachusetts (mass) ; New Vork Botanical

Garden (ny) ;' Museum National d'Histoire Naturelle, Paris (p); Depart-

ments of Agriculture and Forestry, Suva. Fiji (suva) ;
University of

California. Berkeley (uc); and U. S. National Herbarium (us).

Key to Genera Indigenous in the Fijian Region

r with consistently hermaphrodite flowers; stamens

ath filiform filaments; ovary unilocular or (in our

lis paper is based on research partially supported by a grant Irom the

Foundation. No. XXV of this series

28-292. 1973; no. XXVI in Am. Jour. io. xxvi:

: 109-128. 1974. Dr. B. C. Stone has kindly permitted us to utiliz*

draft of a s

Lssions with Dr. P. F. Stev<

i Calophyllum in Papuasia. The taxonomic and nomenclatu
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species of Matnmea) 4-locular and soon becoming unilocular by abortion;

fruits with a single seed; leaf-blades with regular venation composed of

closely parallel secondary and tertiary nerves.

Leaf-blades with veinlets not forming a conspicuous reticulum, the ultimate

areoles not conspicuous nor with a central gland ; inflorescences appearing

racemose (or reduced and more obviously cymose), the flowers herma-

phrodite; calyx composed of 4 decussate sepals; style obvious

1. Calophyllum.

Leaf-blades with veinlets forming a conspicuous reticulum, the ultimate

areoles depressed in dried leaves and with a raised gland in the center;

inflorescences fasciculate, the flowers $ or £ on different trees; calyx

composed of 2 sepals completely fused in bud but separating at anthesis;

style short or essentially none 2. Mammea.
Plants dioecious; androecium diverse, the stamens aggregated into one or more

phalanges; ovary with 2 or more developing ovules and fruits with 2 or

more seeds; leaf-blades often with comparatively spaced secondary nerves,

or the secondaries, if crowded, not regularly paralleled by conspicuous ter-

tiaries ; inflorescences (in our species) cymose or fasciculate or glomerulate,

the flowers with 4-8 decussate perianth-segments 3. Garcinia.

1. Calophyllum L. Sp. PI. 513. 1753; Seem. Fl. Vit. 11. 1865.

The sections of Calophyllum recognized by Vesque (1889, 1893),

Lauterbach (1922), and Engler (1925) seem artificial and scarcely useful,

since inter-relationships among species are probably too complex to permit

meaningful infra-generic classification at our present state of knowledge.

It seems possible that in the western Pacific a single highly vagile strand

species, C. inophyllum L., has locally given rise to many inland derivatives.

These local forms are often superficially similar in different regions (e.g.,

in Melanesia, Papuasia, Malesia, etc.), but one may doubt that they are

genetically closely related among themselves. For instance, the Solomon
Island specimens that have been identified as C. vitiense and C. cerasi-

ferum are now considered to represent distinct taxa (P. F. Stevens, per-

sonal communication). Among species of the Fijian Region, it seems
likely that C. inophyllum and perhaps C. samoense have fruits with a

specific gravity that permits them to be successfully dispersed by ocean

currents. Other species would appear to have heavier fruits in proportion

to their size, and the transport of such fruits over significant water bar-

riers is questionable.

The species of our region are trees, sometimes among the larger of the

forests and sometimes locally abundant, with pale yellow or white latex.

Vegetative and inflorescence parts are characteristically glabrous, but the

terminal buds are usually closely and evanescently puberulent (Figure

4) ;
the indument is obvious and subpersistent in only one of our species

(Figure 1). The branchlets are subquadrangular or slightly flattened in

the distal internodes, soon becoming terete, and brownish to gray in color.

The opposite leaves have distinct petioles that broaden into often thick-

textured and glossy leaf-blades, these drying dark green to olive-brown
and usually paler beneath, with very close, parallel, spreading secondary
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nerves that terminate in the thickened and usually narrowly revolute

margin. The inflorescences are solitary, axillary, pseudo-racemose but

sometimes reduced and obviously cymose, few- to many-flowered, and

with a short peduncle and a rachis that are bluntly angular and soon

subterete. The flower-subtending bracts are small and caducous in very

young bud, leaving transversely narrow scars on inconspicuous swellings.

The flowers are pedicellate, opposite or subopposite, and hermaphrodite,

with 4 papyraceous decussate sepals with numerous and obvious parallel

nerves (Figures 7, 14). The petals in some of our species are lacking, in

others 4 and decussate (Figures 8, 15), and in still others more numerous

and imbricate; when present they resemble the sepals in texture and vena-

tion or may be somewhat more membranous. The stamens (FIGURES 12.

21) are numerous, 2-several-seriate, essentially free but with slender,

filiform filaments that are subcoherent toward the base; the anthers are

basifixed, oblong, and rounded at both ends, dehiscing by lateral clefts.

The ovary (Figures 8, 12, 15) is essentially globose, unilocular, with a

single, erect, anatropous ovule; the style is terete, often filiform but some-

times comparatively carnose, with a peltate or shallowly infundibular

stigma. The fruit (Figure 2) is an indehiscent drupe, subglobose to ellip-

soid, usually rounded at base and apex, sometimes with subpersistent

perianth-segments and stamens at base, and often surmounted by the base

of the subpersistent style. The exocarp is thin, drying to a somewhat

brittle texture; the mesocarp is sometimes fibrous and compact (Figures

3, 20) and not much altered in drying, but sometimes spongy and greatly

shrinking in drying (Figures 10, 13). leaving air-spaces between the exo-

carp and endocarp; the endocarp is bony or crustaceous and is usually

very durable. The single seed is erect, the testa being 2-layered and

variable. The inner layer remains thin and fragile, but the outer integu-

ment develops into a spongy layer closely adherent to the endocarp. In

occasional sterile fruits this spongy layer fills the cavity except for a

small central opening (Figure 11), but normally it is compressed by the

developing cotyledons (Figures 10, 13, 19), remaining conspicuous in

mature fruits, among our species, only in Calophyllum inophyllum (Figure

6).

The above characters being more or less generic in nature, they are not

repeated in the following descriptions unless especially significant. Al-

though Calophyllum is a notoriously difficult genus in which to express

taxonomic distinctions, we find that the species of the Fijian Region are

reasonably well characterized. Flower size and the number (or absence)

of petals 'seem dependable within limits, but most available collections

have been prepared in fruiting condition. Usable fruiting characters refer

to size and color, the thickness and texture of the mature mesocarp and

endocarp, and the nature of the outer integument of the seed at maturity.

Vegetative characters, although variable, seem useful in respect to the

robustness of branchlets and petioles, and in respect to the leaf-blades as

to texture, size, proportions, apex, and, within very broad limits, the number

of secondary nerves.
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In the Fijian Region we now recognize nine species of Calophyllum, of

which three are here described as new. The circumscriptions of others are

altered by study of types and many recent collections; only C. inophyllum
has a broad distribution outside our area.

Key to Species

Petals none; flowers small. 6-10 mm. in diameter at anthesis, the sepals not
more than 4 mm. long; stamens 40-60; inflorescences cymose or pseudo-
racemose, congested, less than 4.5 cm. long in fruit; fruits comparatively
small, 9-17 X 9-15 mm. at maturity and apparently white, the mesocarp
compactly fibrous and thin, the endocarp thin, 0.2-0.8 mm. thick; slender
inland plants, the branchlets 1-2 mm. in diameter toward apex, the petioles
not exceeding 15 mm. in length, the leaf-blades rarely exceeding 9X3
cm.; Fiji.

Indument of buds, young branchlets, young petioles, and peduncles conspicuous,
the hairs copious, spreading, 0.3-0.5 mm. long; pedicels not exceeding

5 mm. long in fruit; stamens 40-45; apparently mature fruits 9-12 mm.
in diameter, the endocarp 0.2-0.3 mm. thick 1. C. leucocarpum.

Indument of buds and young parts minutely and evanescently sericeous-pu-
berulent; pedicels 4-13 mm. long; stamens about 60; mature fruits 12-
17 mm. in diameter, the endocarp 0.4-0.8 mm. thick.

2. C. leptocladum.
Petals present; flowers larger, at least 10 mm. in diameter at anthesis, the sepals

at least 4 mm. long; stamens at least 80; inflorescences appearing racemose
and comparatively extended; fruits at maturity usually larger than 17 X
15 mm. and glaucous to purple or black; comparatively robust plants, the
branchlets usually more than 2 mm. in diameter toward apex.

Leaves variable in size but usually with petioles 6-35 mm. long and blades 5-

30 X 2-11 cm.; pedicels usually 8-42 mm. long; flowers 10-30 mm. in

diameter at anthesis, the sepals 4-15 X 4-12 mm., the petals always
4 (in our observation), 5-16 X 3-10 mm.; mature fruits usually 22-
50 X 15-40 mm., the pericarp variable, the mesocarp compactly fibrous
or spongy, the endocarp 0.4-3.5 mm. thick.

Trees of the strand, rarely occurring inland; mature fruits 32-50 X 2 7-

40 mm., buoyant in sea water, the outer layer of the seed-testa spongy,
1-12 mm. thick, not much compressed by the developing cotyledons;
leaf-blades elliptic- to ovate-oblong, 10-23 X 5-11 cm., about twice

nerves usually 10-16 per centimeter; flowers 15-30 mm. in diameter at

anthesis; a widespread and vagile species 3. C. inophyllum.
Trees of inland forests, if occurring at sea-level not typical of the strand;

mature fruits not exceeding 40 X 30 mm., not buoyant in sea water
(except perhaps in no. 5), the outer layer of the seed-testa compressed
by the developing cotyledons and not exceeding 4 mm. in thickness;
leaf-blades lanceolate to oblong-elliptic, rarely exceeding 7.5 cm. in
width, usually 2.5-4 times as long as broad; flowers 10-23 mm. in di-

!k.
nthesis, the

sepdib /-id x i-il mm., tne petals 9-16 X 7-10 mm.; mature fruits
with a fibrous-spongy mesocarp 2-5.5 mm. thick, this often shrinking
or collapsing in drying, the endocarp (1.8-) 2-3.5 mm. thick; leaf-
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blades lanceolate or narrowly elliptic. 3-4 times as Ion

long as broad, infrequently exceeding 17 7 cm., the secondar>

nerves 12-30 (or more) per centimeter.

Mature fruits with a fibrous-spongy mesocarp 3.5-6 mm. thick, this

often shrinking or collapsing in drying; leaf-blades ovate- to ob-

long-elliptic, usually 6.5-17 X 2-7 cm., obtuse to short-auiminate

at apex; Samoa. Home Islands, and eastern (Lam group of Fiji.

Mature fruits with a compactly fibrous mesocarp 1-4 mm. thick: leaf-

blades elliptic to lanceolate or narrowly ovate-oblong, usually 5-

Petioles slender. 1-1.8 mm. in diameter, the leaf-blades obtuse to

obtusely cuspidate at apex; flowers 10-16 mm. in diameter at

anthesis mature fruits 17-35 X 13-2S mm., the endocarp 0.4-

1 mm. thick; New Hebrides. 6. C. neo-ebitdiatm.

Petioles comparatively robust, often 3.5 (-5) mm. in diameter, the

leaf-blades rounded to obtuse at apex or occasionally obtusely

short-cuspidate: flowers 12-18 mm. in diameter at anthesis:

mature fruits 25-40 X 20-30 mm., the endocarp 0.5-1.5 mm.

thick: Fiji. Tonga, and Niue. 7. C. am

eaves comparatively small, the petioles 3-16 mm. long, the blades not i

ceeding 10 X 5 cm. and usually smaller; pedicels not exceeding 1

in length even in fruit; flowers 12-20 mm. in diair

sepals not much exceeding 9X6 mm., the petals

sometimes as many as 10, not exceeding 10 X 6 mr

exceeding 25 mm. in diameter, the pericarp 1.5-4 mm. thick,

carp thin and compactly fibrous, 'less than 3 mm. thick,

1.5 mm. thick; Fiji.

Leaf-blades elliptic-oblong to ovate or obovate, 3.5-8 X
ally less than twice as long as broad; young parts and buds essentially

glabrous, sometimes obscurely glandular-puberulent: petals often 4

but frequently as many as 10; fruits subglobose. the niesocarp I

Leaf-blades narrowly elliptic to lanceolate-oblong. 5-10 X 2-3.5 cm., usu-

ally about 3 times as long as broad; young parts and buds copiously

but minutely tomentellous with glandular hairs, soon glabrate; petals

4-6 (as far as known i : fruits ovoid-ellipsoid, obviously longer than

broad, the mesocarp negligible. 0.2-0.5 mm. thick.

Calophyllum leucocarpum A. C. Sm.

1950; J. W. Parham, PL Fiji Isl. 134.
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the young branchlets, young petioles, and peduncles, the branchlets slender,

1-1.5 mm. in diameter toward apex, at length glabrate; petioles slender,

canaliculate, (8-) 10-15 mm. long, at length glabrate; leaf-blades cori-

aceous, oblong-lanceolate, (4-) 5-7.5 cm. long, (1.5-) 2-3 cm. broad,

attenuate at base and obviously decurrent on the petiole, obtusely cuspi-

date at apex, the costa sharply elevated on both sides, somewhat hispi-

dulous beneath when young, the secondary nerves 12-22 per centimeter,

slightly impressed above and prominulous beneath; inflorescences con-

gested, once- or twice-branched, 3-5-flowered, about 1 cm. long at anthesis

and to 2 cm. long in fruit, glabrous except for the subpersistently pilose

peduncle, the pedicels 0.5-3 mm. long at anthesis, to 5 mm. long in fruit;

flowers 8-10 mm. in diameter at anthesis, the sepals suborbicular to

obovate, obscurely ciliolate, the outer ones about 2.5 X 3.5 mm., the inner

ones to 4 mm. long; petals none; stamens 40-45, more or less biseriate,

the filaments about 2 mm. long at anthesis, the anthers 0.6-0.8 mm. long;

style about 1 mm. long, the stigma peltate; apparently mature fruits sub-

globose to ellipsoid, 9-12 X 9-10 mm., the mesocarp densely fibrous, 0.6-

1.2 mm. thick, the endocarp crustaceous, 0.2-0.3 mm. thick.

Type locality: Seanggangga Plateau, Mathuata Province. Vanua Levu,

Fiji; the type is Smith 6820.

Distribution: Known only from the type collection, occurring in

patches of forest in open rolling country at an elevation of 100-200 m., as

a slender tree 4 m. high; the sepals and filaments are white, the anthers

yellow, and the fruit white. It is surprising that no additional collections

of this plant have been obtained, although the area has been visited by

other collectors. Nevertheless, the drainage basin of the Ndreketi River

in Vanua Levu requires further field work; another example of this un-

expectedly local endemism is seen in the rubiaceous Gardenia Candida

(Smith, 1974: 120), represented only by its type collection from the same

locality.

. 1947, Smit

The present species and the following novelty are the only taxa of

Calophyllum in the Fijian Region to lack petals; additionally they are

characterized by their slender habit, small leaves and flowers, com-

paratively few stamens, and small, white fruits with a thin and fibrous

mesocarp and a thin endocarp.

Calophyllum ne

1972; non Guillaumin.

Arbor ad 21
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apicem versus 1-2 mm. diametro; petiolis gracilibus leviter canaliculatis

4-13 (-15) mm. longis; foliorum laminis tenui-coriaceis lanceolatis vel

oblanceolatis vel anguste oblongo-ellipticis, 3-9 (-11.5) cm. longis, 1-3.2

cm. latis, basi acutis vel attenuatis et in petiolum longe decurrentibus,

apice obtuse brevi-cuspidatis, costa supra vadose canaliculata vel subplana
subtus peracute elevata, nervis secundariis (16-) 22-36 (-40) per centi-

metrum utrinque subplanis vel paullo prominulis; inflorescentiis pauci-

ramosis 3-7-floris sub anthesi 1.5-2.5 cm. sub fructu ad 4.5 cm. longis

pedunculo sub anthesi ad 6 mm. sub fructu ad 15 mm. longo ut rhachidi

gracili; bracteis sub floribus lineari-lanceolatis 1.5-2 mm. longis obscure
puberulis glabratis evanescentibus, pedicellis gracilibus sub anthesi 4-9
mm. sub fructu ad 13 mm. longis; floribus sub anthesi 6-8 mm. diametro,
sepalis ellipticis vel orbicularibus, exterioribus circiter 3X2 mm., in-

terioribus ad 4 mm. longis; petalis nullis; staminibus circiter 60, filamentis

sub anthesi circiter 2 mm. longis, antheris ad 1 mm. longis; stylo circiter

1.5 mm. longo, stigmate peltato; fructibus subglobosis vel ellipsoideis 15-

17 X 12-15 mm., pericarpio 1-2.5 mm. crasso, mesocarpio dense fibroso

0.5-2 mm. crasso, endocarpio crustaceo 0.4-0.8 mm. crasso.
Type locality: Slopes of Mt. Ndelaitho, Ngau, Fiji; the type is Smith

Distribution: Endemic to Fiji and known from several of the high
islands at elevations of 150-670 m., occurring in dense forest or in the

forest-grassland demarcation zone. It has been recorded as a tree 9-21 m.
high, sometimes slender, with a trunk to 50 cm. in diameter; the fruit is

noted as pale green, becoming nearly white at maturity. Among, the
available specimens, flowers have been obtained in December and January
and fruits between May and July.
Local names and use: The generally recorded name is ndamanu, but

Fijian collectors have also noted ndamanu ndraulailai and ndamanu
ndilondilo on Viti Levu. It is considered a good hardwood timber tree.

Fiji. Viti Levu: Nandronga & Navosa: Nausori Highlands 0. & I. De-
gener 32165 (bish, ny). Serua: Inland from Ngaloa, Berry 111 (bish, suva).
Namosi: Nambukavesi Creek, Fiji Dept. For. 489 (mass, suva) Naitasiri:
Vicinity of upper Navatuvula village, Fiji Dept Agr IS694 (bish suva);
Prince's Road, Fiji Dept. Agr. 142 (a, suva, us). Ra: Vicinity of Naivotho
Milage, Damanu K273 (k, us). Ovalau: Hills west of Lovoni Valley, on ridge
south of Mt. Korolevu, Smith 7538 (bish, gh, k, ny, suva, uc, us). Ngau:
Slopes of Mt. Ndelaitho spur, toward Navukailangi, alt. 350-500

June 22 1953, Smith 7874 (us 2190685 holotype; isotypes at i_,
uc). Vanua Levu: Thakaundrove: Mt. Kasi, Fiji Dept Agr 15733

**- " f
Valeni, Fiji Dept. Agr. 15722 (bish, suva); valley of

(suva). Fiji, wit
Navonu Creek, Howard 104
further locality: G. W. Cottle, Dec. 1950 '(bish, 'suva).

Unfortunately the only available mature flowers are on the Cottle speci-
men, without detailed locality, and even those flowers are insect-damaged.
Iwo other specimens, O. & I. Degener 32165 and Fiji Dept. For. 489,
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bear immature inflorescences. However, these three collections adequately

permit an understanding of the floral characters. As the type we have

preferred to designate a fruiting collection with numerous duplicates. In

our area this new species, without petals, is closely related only to Calo-

phyllum leucocarpum, differing primarily in the very different and evanes-

cent indument of its young parts; it also has comparatively obvious

pedicels, more numerous stamens, and a larger fruit with a thicker endo-

3. Calophyllum inophyllum L. Sp. PL 513. 1753; A. Gray, Bot. U. S.

Expl. Exped. 1 : 218. 1854; Seem, in Bonplandia 9: 254. 1861, in op.

cit. 10: 296. 1862, Viti, 433. 1862, in Jour. Bot. 2: 71. 1864, Fl.

Vit. 12. 1865; Home, A Year in Fiji, 258. 1881; Vesque in DC.

Monogr. Phan. 8: 544. 1893; Reinecke in Bot. Jahrb. 25: 656.

1898; Burkill in Jour. Linn. Soc. Bot. 35: 27. 1901; Rechinger in

Denkschr. Akad. Wiss. Wien 81: 313. 1910; Guillaumin in Bull.

Soc. Bot. France 66: 268. 1919; Setchell in Carnegie Inst. Wash.

Publ. 341: 68. 1924; Guillaumin in Bull. Soc. Bot. France 74: 694.

1928, in Jour. Arnold Arb. 12: 227. 1931; Christophersen in Bishop

Mus. Bull. 128: 147. 1935; Yuncker in op. cit. 178: 85. 1943. in

op. cit. 184: 52. 1945; J. W. Parham in Agr. Jour. Dept. Agr. Fiji

19: 98. 1948, in op. cit. 29: 32. 1959; Yuncker in Bishop Mus.

Bull. 220: 187. 1959; J. W. Parham, PI. Fiji Isl. 134. fig. 52. 1964,

ed. 2. 192. fig. 57. 1972; Sykes in New Zealand Dept. Sci. Indust.

Res. Bull. 200: 100. 1970; St. John & A. C. Sm. in Pacific Sci. 25:

326. 1971; B. E. V. Parham in New Zealand Dept. Sci. Indust. Res.

Inform. Ser. 85: 32. 1972. Figures 6-8.

Spreading tree to 25 m. high, often with a massive trunk, glabrous

throughout except the young parts and terminal buds minutely but co-

piously brown-puberulent. the branchlets stout, 3-7 mm. in diameter

toward apex; petioles stout, flattened above or canaliculate. 12-30 mm.

long; leaf-blades thick-coriaceous, elliptic- to ovate-oblong, 10-23 cm.

long, 5-1 1 cm. broad, obtuse to rounded at base and abruptly decurrent

on the petiole, obtuse to rounded or emarginate at apex, rarely subacute,

the costa conspicuous, slightly or prominently elevated above and some-

times canaliculate, prominent beneath, the secondary nerves (8-) 10-16

per centimeter, prominulous on both surfaces; inflorescences appearing

racemose, rarely paniculate with 1 or 2 short lateral branches, 7-27-flow-

ered, 4-13 cm. long or slightly longer in fruit, the peduncle stout, 3-20 mm.

long; flower-subtending bracts papyraceous, broadly ovate. 3-4 X 2-3

mm. rounded at apex, minutely glandular-ciliolate. evanescent, leaving

conspicuous transversely oblong scars, the pedicels slender 10-42 mm.

long; flowers 15-30 mm. in diameter at anthesis. the sepals elliptic to

suborbicular, broadly obtuse or rounded, the outer ones 6-10 X 5-8 mm.,

the inner ones 9-15 X 7 5~10 mm - : Petals 4 (sometimes stated as 3-5 or

even 8), elliptic or obovate, 8-14 mm. long. 5-9 mm. broad, rounded and
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entire, often irregularly involute; stamens usually 150-200, the filaments

4-8 mm. long at anthesis, the anthers 1.3-2 mm. long; style conspicuous,

2.5-5 mm. long, the stigma subpeltate, 0.7-1.5 mm. in diameter; fruits

drying coriaceous and rugulose, subglobose to subobovoid, 32-50 X 27-

40 mm., obtuse to rounded at base, the pericarp 2-4 mm. thick, the meso-
carp fibrous, 1-3 mm. thick and adhering to the endocarp, this bony.
0.5-1.5 mm. thick; testa of seed with a spongy outer layer 1-12 mm. thick

and often conspicuous, the cotyledons oily and dark, not completely filling

the locule nor conspicuously compressing the spongy outer layer of the

Type locality: Linnaeus based his species on three prior references,

and it is probable that the lectotype should be the plant described in his

Flora Zeylanica, 201. 1747. We refrain from formally proposing this

lectotypification because we lack access to the basic materials that re-

quire study, and we may have overlooked some pertinent earlier discussion.

However, it is evident that the common Old World species so widespread
on beaches is correctly placed under this binomial.

Distribution: Eastern Africa and India throughout Malesia and into

eastern Polynesia; in Hawaii it is probably a Polynesian introduction that
is now thoroughly naturalized. In our area it occurs abundantly on
beaches, in coastal thickets or sea-level forests, or along streams near the
coast. Its occurrence at elevations of more than a few meters (i.e. near
Namosi village in Fiji; on Alofi, Home Islands; on Ofu, Samoa) doubt-
less reflects deliberate inland introductions of a useful and ornamental
plant. Calophyllum inophyllum is a striking and often massive tree, to

25 m. or more in height and with a trunk sometimes 1.5 m. in diameter;
its fragrant flowers have white or waxy sepals and petals and yellow an-
thers; its large fruits, fragrant when ripe, then become yellow to purplish
or blackish. In our area it may be found in flower and fruit at all seasons.
Local names and uses: As one of the best known Pacific trees, this

species has quite stabilized local names: ndilo (Fiji); fifau (Rotuma);
tsilo or tilo (Home Islands); fetau (Wallis Islands, Tonga, Niue, Samoa).
In Samoa and possibly in Fiji it sometimes passes as Alexandrian laurel
or beach mahogany. The uses of this beautiful tree are legion, and one
can scarcely add to Seemann's 1865 discussion in his "Flora Vitiensis."
Its wood is prized for canoe-making and boat-knees, for paddles, house-
beams, drums, and bowls. Oil expressed from the fragrant fruits is used
extensively as a medicinal liniment and to scent coconut oil; and an in-
fusion of the leaves is used for medicinal purposes ranging from eye-washes
to cures for chicken pox.

iy). Tana:

Fl"- ^asawas: \\aya: \alombi. St. John 18903 (bish). Mamanuth
Malolo Group: Nggalito Island. O. & I. Degener 32219 (bish. ny>. \
Levu: Mba: Lautoka, Greenwood 351 (k). Nandronga & Navosa: Vatukan
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Fiji Dept. Agr. 9287 (McKee 2857) (bish. suva). Serua: Namboutini. Fiji
Dept. For. 969 (suva); Korovisilou, Fiji Dept. For. 281 (Damamt Q) (k, suva);
Vunimanggo, Fiji Dept. For. 914 (suyai: Ndcumba. Fiji Dept. Agr. 12461
(suva); Navua, Livingston, in 1945 (us), Fiji Dept. For. 989 (suva) Xam.m
Waindina valley near Namosi village, Gillespie 2811 (a, bish, rci. Ra: Wain-
dawa, near Vaileka, £>egewer J5420 (a. bish. k. ny. uc. us); Ellington. Air*.?
20853 (bish, uc). Tailevu: F/;7 Dept. Agr. 13591 (suva); Matavatathou. /<7/7

£>e/tf. .4gr. P2Ji (suva); Nausori, Fiji Dept. Agr. 141 (a. suva). Xaitasiri:
Vunindawa. /-7/7 Dept. Agr. 10011 (suva I. Rewa: Suva. Meebold l*42n isivai.
Kandavu: Namalata Isthmus region. 5»ti7// 777 (bish. c.h. k. ny. re. usi.

Ovalau: Graeffe (ny); Thawathi, Smith 8101 (bish. gh. k. ny. suva. re. im;
Levuka, Degener & Ordonez 13786 (a. ny). Koro: Xambosovi. /<777 Dept \gr

1033 (suva). Nairai: Milne, Nov. 1855 (k). Ngau; Shore of Herald Bav. near
Sawaieke. Smith 7944 (bish, gh, k. ny. suva. uc. us'). Vania Live: Mum a-

ta: Nakuthi Island. Fiji Dept. Agr. 15279 (bish. suva>. Thakaundroye:
Ndawara, lower Yanawai River. Fiji Dept. Agr. 15757 (suyai; west of Yalethi.

Bierhorst F114 (mass); east of Savusavu, Bierhorst F1S7 (mass): Korotasere
Fiji Dept. Agr., Nov. 26, 1949 (suva). 'Taveini and Lakemba": Setmarm 48
(bm, gh, k). Taveuni: Nggeleni Road. Fiji Dept. Agr. 15S75 isivai: Waivevo.
Gillespie 4633 (bish). Yathata: Navakathuru, Fiji Dept. Agr. 15557 (suva),
ldi07 (mass, suva). Vanua Mbalavu: Lomaloma. Fiji Dept. Agr. 10206
(suva). Navutu-i-loma: Bryan 463 (a, uc. us). Fiji, without further Locality:

T. .V. Expl. Exped. (en. ny). Store k 875 irmi. Howard 51 (suva).
Home Islands. Futuna; Burrows 14 (bishi. Alofi: Mt. Yaisei. Yen X58

Wallis Islands. UVEA: Graeffe 33 (bmi. Burrows W16 (bish).

Tonga. Lifuka: Toward southern end of island. Yuncker 15792 (bish, bm.
us). Tongatapu: Huavakatolo, Setchell & Parks 15595 (uc); Sopo. Yuncker
15024 (bish. bm. gh. us); Nukualofa. Soakai 476 (bish. k); Hihifo. Setchell

& Parks 15515 (uc); Kolonga Point, Setchell & Parks 15387 (uc). 'Eua:
Moore 427 (us); Ohonua, Parks 16383 (bish. uc), Yuncker 15638 (bish. bm.
gh. US). Tonga, without further locality: Cook's 3rd Voyage (bmi. McKem

Niuc. Near Alofi, Yuncker 9738 (a, bish, uc), 10059 (bish, uc, us), Sykes
353 (bish).

Samoa. Savaii: Asau Harbor. Hocking. Nov. 24. 1968 (bish). Walker, Dee.
27, 1968 (bish); Matautu Bay, Reinecke 506a (bish); Lelepa. Christophersen

& Hume 1941 (bish); Sale 'aula, Bristol 2347 (bish); between Salailua and
Lataitai, Christophersen 2870 (bish. ny). Upolu: Leulumoega, Rechinger 571
(bm, us); between Mata'utu and Salamumu, Bristol 2368 (bish). Tutuila;
Pago Pago, Setchell 99 (uc); Fagatoga, Wisner 111 (bish). Ofu: On ridge

back of Ofu village. Yuncker 9468 (bish). Tau: Luma. Garber 704 (bish. uc i;

Siufaga. Yuncker 9194 (bish). Samoa, without further locality: Whitmee (gh).

Calophyllum inophyllum is readily distinguished from the other species

of our area in being a tree of the seashore (unless introduced inland), in

its large, comparatively broad, and characteristically rounded leaf-blades,

and in its large flowers and fruits, the latter with the outer integument of

the seed spongy and very thick even when the cotyledons are fully de-
veloped. This last characteristic gives the fruits great buoyancy and per-
mits them to become established along the strand.
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4. Calophyllum vitiense Turrill in Jour. Lim
Watkins in Agr. Jour. Dept. Agr. Fiji 31

:

ham. PI. Fiji Isl. 134. 1964, ed. 2. 192. 1972. Figures 9-11.

Calophyllum spectabile sensu A. Gray. Bot. U. S. Expl. Expe<f. 1: 218. p. p.

1854, in Proc. Am. Acad. Arts 5: 315. 1862. in Bonplandia 10: 34. 1862;

Seem. Fl. Vit. 11. 1865; Home. A Year in Fiji. 258. 1SS1; non Willd.

Calophyllum polyanthum sensu Seem, in Bonplandia 9: 254. 1861. Viti. 433.

1862; non Wall.

Calophyllum lam eolatum sensu Scorn. Yiti. 433. 1862; non auct.

Tree to 30 m. high, glabrous throughout except the young parts and
terminal buds copiously but minutely feiruginous-tomentellous-puberuleiit

the branchlets stout. 2-5 mm. in diameter toward apex: petioles stout

semiterete or canaliculate, (5-) 15-35 mm. long; leaf-blades coriaceous

lanceolate or narrowly elliptic, (7-) 13-30 cm. long, (2-) 3-7.5 cm. broad

acute to attenuate at base and long-decurrent on the petiole, acuminate

to acute at apex (tip to 10 mm. long, rounded or obtuse), rarely subob-

tuse, the costa plane or slightly raised above and often shallowly canalicu

late, prominent beneath, the secondary nerves (8-) 11-20 (-24) per

centimeter, prominulous on both surfaces; inflorescences appearing long-

racemose, infrequently reduced. (3-) 7-1 5 -flowered, (2-) 8-14 cm. long

or slightly longer in fruit, the peduncle (0.5-) 1-6 cm. long, with the

rachis and pedicels very obscurely puberulent but soon glabrate; flower-

subtending bracts oblong-lanceolate. 5-7 mm. long, about 2 mm. broad,

soon caducous, the pedicels slender, terete, 9-30 (-35) mm. long; flowers

20-23 mm. in diameter at anthesis, the sepals orbicular to obovate, con-

spicuously nerved, the outer ones 7-10 mm. in diameter, the inner ones

12-15 X 10-12 mm.; petals 4, papyraceous, elliptic. 9-16 mm. long. 7-

10 mm. broad, rounded and often obscurely erosulous distally, nerved like

the sepals; stamens about 200, the filaments 3-7 mm. long at anthesis.

the anthers 0.9-1.2 mm. long; style conspicuous. 3-6 mm. lone, the

stigma peltate, about 1.5 mm. in diameter; fruits ellipsoid or subglobose.

22-30 X 15-26 mm., the pericarp 4-9 mm. thick, the mesocarp fibrous-

spongy, greatly shrinking or collapsing in drying. 2-5.5 mm. thick, the

endocarp bony, (1.8-) 2-3.5 mm. thick; testa of seed with a fibrous outer

layer, this at first (and in sterile fruits) 2-4r mm. thick, usually compressed

to 0.2-0.6 mm. thick by the developing cotyledons.

Type locality: Turrill cited two collections. Seemann 47 and im

Thurn 297 \ although the two are certainly conspecific, the first is sterile.

Figures 9-11. Calophyllum vitiense: 9 from Smith 6362, 10 from Green-

moved. X 3; 10. ir-- sectioi o fruit the outei layer ot the testa compressed
by the developing cotyledons, X 2; 11, cross section of sterile fruit without

phyllu» » etist 12 from Christopher en 720 13 fron B> stol 2248 12 open
flower. X 3; 13. 2. Figures 14-16. Calophyllum neo-

ebudicum: 14 and 15 from Kajeu'ski 705. 16 from Kajewski 399. 14. proximal
surface of flower. X 3: 15. open flower. X 3; 16. cross section of fruit. X 2.
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and obviously the second was the principal basis of the original descrip-

tion. We therefore designate as the lectotype the three complementary
sheets (at Kew) of im Thurn 297, from the vicinity of Nandarivatu, Mba
Province, Viti Levu, Fiji.

Distribution: Endemic to Fiji and known from several of the high is-

lands at elevations of 100-950 m., occurring in dense forest as a tree 5-30
m. high and with a trunk diameter up to (and doubtless exceeding) 50 cm.
The sepals, petals, filaments, and style are white; the anthers are yellow;

the fruit is at first green but when mature becomes dark purple. Flowers
have been noted between October and January, but fruits seem to persist

throughout the year.

Local names and uses: In addition to ndamanu (used by Fijians for

any inland species of the genus), the name ndamanu ndilondilo has been
noted. Foresters and timber-cutters in Fiji do not differentiate among
the forest species of Calophyllum, considering any tree of ndamanu, if

sufficiently large, to produce a valuable and durable timber suitable for

general construction, furniture, etc.

Fiji. Viti Levu: Mba: Mountains near Lautoka, Greenwood 907 (a); Mt.
Evans Range, Greenwood 1232 (us); vicinity of Nandarivatu, Dec. 2, 1906, im
Thurn 297 (k lectotype; isolectotype at bm), Tothill 24 (k), Mead 1972 (k),

Gillespie 4003 (uc), 4055 (bish, gh, uc), 4229 (a, bish, gh, ny, uc, us),

Vaughan 3431 (bm, k). Namosi: Fiji Dept. Agr. 14236 (a, ny, suva). Tailevu:
Hills east of Wainimbuka River, near Ndakuivuna, Smith' 7201 (bish, gh, k,

ny, suva, uc, us). Naitasiri: Wainiveimbalambala Creek, Fiji Dept. Agr. 5833
(bish, suva); Tholo-i-suva, Fiji Dept. Agr. 12448 (Watkins 751) (k, mass,
suva); Tamavua, Gillespie 2407 (bish, gh, ny, uc, us); Kalambo, Fiji Dept.
Agr. 16410 (bish, mass, suva), 16411 (suva); Nasinu, Gillespie 3647 (bish.
uc). Viti Levu, without further locality: M'GMvray 38 (k), M'Gillivray &
Milne 67 (is.), Seemann 47 (gh, k). Ovalau: Graeffe (ny); Mt. Korotolutolu,
west of Thawathi, Smith 8021 (bish, gh, k, ny, suva, uc, us) ; west of Lovoni
valley, on ridge south of Mt. Korolevu, Smith 7542 (bish,' gh, k, ny, suva, uc,
us); hills east of Lovoni valley, Smith 7269 (bish, gh, k, ny, suva, uc, us).

Koro: Main ridge, Smith 1047 (bish, gh, k, ny, uc, us).' Vanua Levu:
Mathuata: Vicinity of Lambasa, Greenwood 507 (k), 515 (k); Mt. Numbuiloa,
east of Lambasa, Smith 6362 (a, k, us). Vanua Levu, without further locality:

Milne 244 (k), Howard 187 (suva, us). Fiji, without further locality: U. S.

Expl. Exped. (gh), Home 192 (gh).

Among the inland species of our area with 4 petals, Calophyllum vi-

tiense is readily distinguished by its large and comparatively narrow leaf-

blades and its elongate inflorescences with large flowers. Its fruits char-
acteristically have a fibrous-spongy mesocarp that shrinks or collapses
in drying; C. samoense, which occurs in the Lau Group of Fiji, has a
similar mesocarp but there the endocarp is seldom more than 1 mm.
thick, whereas the endocarp of the fruits of C. vitiense is usually 2-3.5 mm.
thick, more solid and durable than those of any other Calophyllum of the
Fijian Region.

In our present opinion Calophyllum vitiense is endemic to the high is-
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lands of Fiji. References to its occurrence in the Solomon and Santa

Cruz Islands (Smith, 1941: 347; Whitmore, 1966: 78; 1967: 12) seem

unwarranted, in view of the superficial similarities among forest Calophylla

of different southwestern Pacific archipelagoes and their presumably in-

dependent origins from coastal species. Calophyllum vitiense has also

been mentioned as occurring in Samoa and Tonga and on Xiue; such

usages are cited in the synonymies to follow.

5. Calophyllum samoense Christophersen in Bishop Mus. Bull. 128:

147. fig. 20. 1935; Yuncker in Bishop Mus. Bull. 184: 52. 1943;

B. E. V. Parham in New Zealand Dept. Sci. Indust. Res. Info. Ser.

85: 121. 1972. Figures 12, 13.

Calophyllum spectabile sensu Reinecke in Bot. Jahrb. 25: 656. 1898; Rechinger

in Denkschr. Akad. Wiss. Wien 81: 313. 1910; non Willd.

Calophyllum vitiense sensu Setchell in Carnegie Inst. Wash. Publ. 341: 69.

1924: non Turrill.

5t. John & A. C. Sm. in Pacific Sci. 25:

Tree to 25 m. high, glabrous throughout except the young parts and ter-

minal buds copiously but minutely ferruginous-tomentellous-puberulent,

the branchlets 1.5-3.5 mm. in diameter toward apex; petioles slender,

semiterete or shallowly canaliculate. 10-25 mm. long; leaf-blades sub-

coriaceous, ovate- to oblong-elliptic. (4-) 6.5-17 cm. long, (1.5-) 2-7 cm.

broad, attenuate to acute at base and long-decurrent on the petiole, ob-

tuse to obtusely cuspidate or short-acuminate at apex (tip to 7 mm. long).

the costa nearly plane but shallowly canaliculate above, prominent be-

neath, the secondary nerves 14-30 per centimeter, prominulous on both

sides; inflorescences pseudo-racemose, 7-1 3-flowered, (2.5-) 5-11 cm. long,

the peduncle (0.5-) 1-3.3 cm. long, slender like the rachis; pedicels slen-

der, terete, (8-) 10-22 mm. long; flowers 13-16 mm. in diameter at

anthesis, the sepals orbicular to elliptic, rounded and often involute, the

outer ones 4.5-8 X 4-7 mm., the inner ones 5.5-10.5 X 4-5.5 mm.; petals

4, obovate-elliptic, 5-11 mm. long, 3.5-5 mm. broad, rounded and some-

times inconspicuously erosulous distally: stamens about 150. the filaments

(1_) 3_4.5 mm . long at anthesis, the anthers 0.8-1.1 mm. long; style 2-

3 mm. long at anthesis, the stigma peltate, 0.8-1 mm. in diameter; fruits

ovoid or subglobose, (22-) 25-30 X (20-) 23-30 mm., the pericarp 4-

7 mm. thick at maturity, the mesocarp fibrous-spongy, 3.5-6 mm. thick,

the endocarp 0.5-1.2 mm. thick; testa of seed with a fibrous outer layer,

this compressed by the developing cotyledons and at maturity not ex-

ceeding 1 mm. thick.

Type locality: Between Vaipouli and Manase. Savaii. Samoa; the

type is Christophersen 720.

Distribution: Samoa, and also occurring in the Home Islands and

in the Lau Group of Fiji. It has been obtained at elevations close to sea-

level and up to 650 m. in dry or humid forest or in secondary forest,
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often growing on limestone. Collectors indicate it as a tree 5-25 m. high,

with a trunk diameter of up to 60 cm.; the sepals and petals are white;

and the fruits at maturity become purple or black. Flowers have been

obtained between September and December, but fruits persist through

much of the year.

Local names and uses: In Samoa and the Home Islands tatnanu is

commonly used; in Samoa malili has also been noted, and on Moala, Fiji,

ndamanu kula. The timber is used for canoes, house-building, and bowls

in both Samoa and the Home Islands; no such uses were recorded in Lau,

although practically any hardwood of this size is prized in Fiji.

Fiji. Moala: Bryan, July 11. 1924 (bish) ; near Maloku. Smith 1334 (bish.

gh, k, ny, uc, us). Naitamba : Fiji Dept. For. L.12384 (bish). Mango: On
limestone, Bryan 569 (a, bish).

Home Islands. Futuna: Upland forests. Burrows 18 (bish); slopes south of

Mt. Puke, McKee 19850 (p). Alofi: On limestone. McKee 19810 (bish, p).

Samoa. Savaii: Neiafu, Bristol 2209 (bish); vicinity of Manase, Vaupel 214
(bish, k, ny, us), Christophersen & Hume 2417 (bish, ny, uc); between
Vaipouli and Manase, alt. 100 m., Sept. 21, 1929, Christophersen 720 (bish holo-

type; isotypes at A, bish, k, uc, us); inland from Vaipouli, Christophersen &
Hume 1916 (bish, ny, uc, us); Matavanu lava field, Christophersen & Hume
1871 (a, bish)

; Salailua, Christophersen 2991 (a, bish, ny, uc, us) ; inland from
Gataivai. Bristol 2248 (bish, gh). Upolu: Inland from Apia, Reinecke 204
(bish); ridge above and vicinity of Malololelei, Christophersen 162a (bish),

305 (bish, us). Tutuila: Trail to Vatia, Setchell 334 (bish. uc); Aua-Aofono
Pass, Setchell 221 (uc). Samoa, without further locality; Whitmee 9 (k), Pow-
ell 335 (k).

Although the Calophylla of our area with 4 petals are confusingly sim-
ilar when sterile, we believe that the present taxon cannot be referred to

either C. vitiense or C. neo-ebudicum. It differs from the former in its

differently proportioned leaf-blades and its smaller flowers, and most
markedly in the comparatively thin endocarp of its fruits. From C. neo-
ebudicum it is less readily separated in floral characters, but its fruits

are quite different; those of the New Hebridean species are definitely
longer than broad and have a firmly fibrous mesocarp 1-4 mm. thick that
does not fall away from the endocarp and leave air-cavities, as does the
thicker, spongy mesocarp of C. samoense. Proportions of the leaf-blades
of the two taxa also differ slightly. Dr. M. Corbasson, of the Centre
Technique Forestier Tropical in Noumea, on the basis of his field ob-
servation points out to us (in litt.) that the two taxa differ in their habit,
general aspect, bark, wood, and even habitat; although zones of coralline
limestone occur in the New Hebrides, they are not occupied by C. neo-
ebudicum. The comparatively broad distribution of C. samoense may be
due to the buoyancy of its fruits in sea water imparted by their spongy
mesocarp.

n in Jour. Arnold Arb. 12:

Figures 14-16.

Arnold Arb. 12: 227. 1931.
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Tree to 30 m. high, glabrous throughout except for the obscurely pu-

berulent young parts and terminal buds, the branchlets slender, 1.7-2 mm.
in diameter toward apex; petioles slender, semiterete or shallowly

canaliculate, (12-) 14-25 mm. long; leaf-blades subcoriaceous. elliptic-

lanceolate or narrowly ovate-oblong, (3.5-) 5-10 cm. long. (1.5-) 2.3-

4.2 cm. broad, attenuate to acute at base and long-decurrent on the petiole.

obtuse to obtusely cuspidate at apex (tip rarely as much as 5 mm. long).

the costa slightly raised above and shallowly canaliculate, sharply raised

beneath, the secondary nerves 15-30 per centimeter, slightly prominulous

on both sides; inflorescences pseudo-racemose, (3-) 7-13-flowered, (2.5-)

5-7 cm. long, the peduncle 1-3 cm. long, slender like the rachis; pedicels

slender. 10-25 mm. long; flowers 10-16 mm. in diameter at anthesis. the

sepals orbicular to elliptic, the outer ones 5.5-7 (-7.5) X 4-6 mm., the

inner ones 5.5-7.5 (-9) X 5-7 mm.; petals 4, elliptic or obovate. 6.5-8

(-11) mm. long, 3-4.5 mm. broad, rounded and often involute; stamens

150-225, the filaments 3-4 (-4.5) mm. long at anthesis, the anthers 0.6-

0.9 mm. long; style 2-2.5 mm. long at anthesis, the stigma peltate or shal-

lowly infundibular, 0.7-1 mm. in diameter; fruits obovoid or ellipsoid.

17-35 X 13-28 mm., the pericarp 2-5 mm. thick at maturity, the meso-

carp firmly fibrous, adhering to the endocarp, not spongy, 1-4 mm.

thick, the endocarp 0.4-1 mm. thick; testa of seed with an outer layer

compressed by the developing cotyledons at maturity and less than 1.5

mm. thick.

Type locality: Anelgauhat Bay. Aneityum, New Hebrides; as the

lectotype we herewith designate Kajewski 705. In describing this species

Guillaumin cited three of Kajewski's collections, nos. 288 and 399 from

Eromanga as well as no. 705. The only flowering specimen of the three

seems the most appropriate lectotype.

Distribution: Apparently endemic to the Santa Cruz Islands and the

New Hebrides, where it occurs at elevations of 25-300 m. in dense or

disturbed forest, as a tree 20-30 m. high with a trunk diameter up to

1 m. The sepals and petals are white and the anthers yellow: the fruit

becomes brown or blackish at maturity. Flowers have been collected in

November and February, and fruits between May and September.

Local names and uses: Kajewski has noted the names keoli ( Vamkoro)

.

pork-cull or porkgudi (Eromanga), and inpece (Aneityum). The species

produces light, strong wood that is locally used for canoe-building and

for spears; the timber is also a valuable export. The tree is said to be

one of the largest and most common trees of the New Hebrides forest.

Santa Cruz Islands. VANIKORO: Kajewski 642 (A, ;>. cs>.

New Hebrides. Eromanga: Dillon Bay. Kajewski 2SS i a. xy>. 399 (a. bish.

K, NY); South River watershed. Johnson 13 'A. K>. Axeitycm: Anehiauhat

Bay, alt. 25 m., Feb. 4. 1929. Kajewski 705 <a lectotype i.olectotypes at bish.

k, NY, p, us), Wilson I in Kdjeivski\ 955 (A. bish. xy. rs>.
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taxa have quite different fruits; they have probably evolved independently

from coastal forbears. Whitmore (1967: 14) cites Kajewski 705 (k) as

an isotype without explanation, but this can scarcely be considered ade-

quate lectotypification; he also mentions Kajewski 642 as intermediate

between C. neo-ebudicum and C. paludosum C. T. White, although to us
it appears entirely typical of the former. The reference of other collections

from the Santa Cruz Islands (Whitmore, 1967: 13) to C. vitiense should
be examined with C. neo-ebudicum in mind.

7. Calophyllu

Calophyllum sp. n. Home, A Year in Fiji, 258. 1881.
Calophyllum spectabile sensu Hemsl. in Jour. Linn. Soc. Bot. 30: 169. 1894;
non Willd.

Calophyllum sp. Burkill in Jour. Linn. Soc. Bot. 35: 27. 1901.
Calophyllum vitiense sensu Yuncker in Bishop Mus. Bull. 220: 188. 1959;

Sykes in New Zealand Dept. Sci. Indust. Res. Bull. 200: 100. fig. 9- 1970;
non Turrill.

Calophyllum neo-ebudicum sensu J. W. Parham, PI. Fiji Isl. ed. 2. 192, p. p.

1972; non Guillaumin.

Arbor ad 25 m. alta partibus juvenilibus et gemma terminali copiose
sed minute ferrugineo-puberulis mox glabratis, ramulis comparate robus-
tis apicem versus 2-4.5 (-7) mm. diametro; petiolis crassis semiteretibus
vel leviter canaliculatis 6-3 S mm. longis; foliorum laminis coriaceis el-

lipticis vel ovato-ellipticis vel lanceolatis, (5-) 6-17 (-25) cm. longis,

(1.5-) 2-5.5 (-8) cm. latis, basi acutis vel obtusis et in petiolum decur-
rentibus, apice obtusis vel rotundatis interdum obtuse brevi-cuspidatis,
margine anguste recurvatis vel interdum manifeste revolutis, costa supra
leviter vel peracute canaliculata subtus prominenti, nervis secundariis 12-
30 (-50) per centimetrum utrinque prominulis vel supra subplanis; in-

florescentiis ficte racemosis (3-) 5-13-floris sub anthesi 3-7 cm. et inter-
dum sub fructu ad 17 cm. longis, pedunculo 0.2-3 (-7) cm. longo; pedicel-
hs gracilibus sub anthesi (5-) 8-20 mm. et interdum sub fructu ad 45 mm.
longis; floribus sub anthesi 12-18 mm. diametro, sepalis suborbicularibus
vel elhpticis, exterioribus 5-8 X 5-7.5 mm., interioribus 6-9.5 X 4.5-
7.5 mm., saepe anguste involutis; petalis 4 ellipticis 6-10 mm. longis 3-6.5
mm. latis integris vel obscure erosulis; staminibus 150-200, filamentis
sub anthesi 2-6 mm. longis, antheris 0.7-1.1 mm. longis; stylo sub anthesi
circiter 2 mm. longo, stigmate peltato 0.6-1.2 mm. diametro; fructibus
elhpsoideis vel subglobosis 18-40 X 15-30 mm., in sicco coriaceis, pericar-
pio matuntate 1.5-5 mm. crasso, mesocarpio dense fibroso compacto non
spongioso ad endocarpium adhaerenti 1-4 mm. crasso, endocarpio osseo
0.5-1.5 mm. crasso; testae seminis strato externo cotyledonibus evolutis
compresso maturitate raro plus quam 2 mm. crasso.
Type locality: Hills west of Waivunu Creek, Serua Province Viti

Levu, Fiji; as type we designate Smith 9243, a flowering specimen.
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Figur
Smith 6449. 17, proxii

2. FlGLTU
20 from Berry 79, 21 from Berry 48. 20, cross section of fruit. X 2; 21. open

flower, X 3. Figure 22. L tosvm: cross section of fruit,

from Smith 4058, X 2. m = mesocarp; e = endocarp; ot = outer layer of

testa; c = cotyledons.

Distribution: Fiji, Tonga, and Niue, occurring at elevations of 50-970

m. in dense or dry forest, on rocky forested slopes, or in crest thickets.

It has been recorded as a tree 5-25 m. high, with a trunk diameter up to

60 cm.; the sepals are white or sometimes pink-tinged, the petals and

filaments white, and the anthers yellow; the fruit, at first green, becomes
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reddish-tinged and at length black. Flowers and fruits have been ob-

tained more or less throughout the year.

Local names and use: Ndamanu (Fiji); tamanu (Niue). Like other

forest species of Calophyllum, this new species is considered an important

timber tree, producing a durable wood.

Fiji. Viti Levu: Mba: Southern slopes of Mt. Ndelainathovu, on the escarp-

ment west of Nandarivatu, Smith 4944 (a, bish, k, ny, us); Sovutawambu, near

Nandarivatu, Degener 14664 (a, k, ny). Nandronga & Navosa: Northern por-

tion of Rairaimatuku Plateau, between Nandrau and Nanga, Smith 5461 (a,

bish, k, ny, us). Serua: Nambukelevu, upper Navua River, Fiji Dept. Agr.

15654 (bish, mass, suva); inland from Namboutini, Fiji Dept. For. 573 (or

797, or Damanu R-22) (bish, k, suva); hills west of Waivunu Creek, between

Ngaloa and Korovou, alt. 50-150 m., Nov. 23, 1953, Smith 9243 (us 2191735

holotype; isotypes at bish, gh, k, ny, suva, uc); inland from Ngaloa, Fiji Dept.

For. 574 (or 798, or Damanu G-22) (bish, k, ny, suva) ; vicinity of Taunovo
Creek, east of Wail r6 (bish, gh, k, ny, suva, uc, us). Namo-
si: Hills bordering Wainavindrau Creek, vi inity -

i \\ linimakutu, Smith 8525.

8553 (both bish, gh, k, ny, suva, uc, us) ; hills near Navua River, Greenwood
1036 (a, bish, k). Rewa: Nggoya Forest Reserve, Fiji Dept. Agr. 13764 (Damanu
124) (bish, suva). Viti Levu, without further locality: Milne 65 (k), 89 (k).

Ovalau: Home 43 (k); summit of Mt. Ndelaiovalau and adjacent ridge, Smith

7617 (bish, gh, k, ny, suva, uc, us); vicinity of Levuka, Gillespie 4480 (bish).

Vanua Levu: Mathuata: Mt. Numbuiloa, east of Lambasa, Smith 6449 (a,

bish, k, ny, us). Thakaundrove: Mt. Kasi, Yanawai River region, Smith
1789 (bish, gh, k, ny, uc, us). Taveuni: Near crater lake east of Somosomo,
Smith 8378 (bish, gh, k, ny, suva, uc, us); valley between Mt. Manuka and
Mt. Koroturanga, east of Wairiki, Smith 8286 (bish, gh, ny, uc, us). Fiji,

without further locality: Home (gh), 732 (k).

Tonga. Vava'u: Crosby 204 (k). Kao: Yuncker 15883 (bish, bm, us). 'Eua:
Lister, Dec. 1889 (k); near center of inland. Yuncker 15326 (bish, bm, us);

near summit of eastern ridge, Yuncker 15435 (bish, bm, gh, us). Tonga,
without further locality: Capt. Cook's 3rd Voyage (bm).

Niue. Ana, near Hakapu-Liku Road, Sykes 821A (bish), 823 (bish).

Among the inland species of our region with 4 petals, the taxon here

described has been confused with Calophyllum vitiense, C. samoense, and
C. neo-ebudicum. However, examination of a now extensive suite of

specimens shows that it should be excluded from each of these, differing

from all three in its somewhat thicker leaf-blades with rounded or obtuse,
only occasionally obtusely short-cuspidate, apices. It further differs from
C. vitiense in its smaller flowers, different mesocarp, and thinner exo-
carp; from C. samoense in its quite different fruits; and from C. neo-
ebudicum in its comparatively robust facies and somewhat larger fruits

with a generally thicker endocarp. The absence of C. amblyphyllum from
the Lau Group of Fiji and its reappearance in Tonga and Niue, while C.
samoense occurs in Lau, disturbs the geographic pattern; but this may
be explicable by the adaptation of the former to dense inland forests and
the latter primarily to limestone areas. Or, of course, the actual geographic
and ecological situation may remain to be clarified by future collecting.
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Whitmore (1967: 14) ci

Calophyllum cerasiferum,

and fruits than the present taxon.

8. Calophyllum cerasiferum Vesque, Epharmosis 2: 10. pi. 32. 1889,

in DC. Monogr. Phan. 8: 540, 585. 1893; J. W. Parham, PI. Fiji

Isl. ed. 2. 192. 1972. Figures 20. 21.

Calophyllum burmanni sensu Seem, in Bonplandia 9: 254. 1861. Viti. 433.

1862; Home. A Year in Fiji, 258. 1881; non Wight.

Calophyllum burmanni var. parvifolium sensu Seem. Fl. Vit. 11. 1865; non

Wight.

Tree to 15 m. high, the young parts obscurely glandular-puberulent, the

terminal buds often somewhat vernicose, the branchlets comparatively

stout and with short distal internodes, 2-4 mm. in diameter toward apex;

petioles stout, semiterete or dorsiventrally flattened, 3-16 mm. long;

leaf-blades coriaceous, ovate to obovate or elliptic-oblong, 3.5-8 cm. long,

1.3-5 cm. broad, acute to attenuate at base and decurrent on the petiole,

rounded to subacute at apex or often short-cuspidate, the costa shallowly

canaliculate above, prominent beneath, the secondary nerves 22-44 per

centimeter, subplane above, prominulous beneath ; inflorescences appearing

racemose, 3-7-flowered, 1.2-5 cm. long at anthesis, to 7 cm. long in fruit,

the peduncle stout, 0.4-1.8 cm. long; pedicels stout, 5-13 mm. long; flow-

ers 12-20 mm. in diameter, the sepals ovate to elliptic, the outer ones

4.5-6 mm. in diameter, the inner ones 8-9 X 4.5-5.2 mm.; petals some-

times 4 but often 5-9 and frequently 10, elliptic, 6-10 mm. long, 4-6 mm.

broad, rounded and sometimes faintly erosulous distally; stamens usually

80-120, perhaps sometimes as many as 250, the filaments 3-5.5 mm. long

at anthesis, sometimes distally divided, the anthers 0.8-1.3 mm. long;

style 1-1.6 mm. long, the stigma peltate, 0.6-0.8 mm. in diameter; fruits

subglobose, at maturity 18-25 mm. in diameter, coriaceous when dried,

the pericarp 2-4 mm. thick, the mesocarp compactly fibrous, 1-3 mm.

thick, adherent to the endocarp, this bony, 1-1.5 mm. thick; testa of seed

with an outer spongy layer 2-3.5 mm. thick in young fruits, becoming

compressed by the developing cotyledons.

Type locality: Mt. Voma, Namosi Province, Viti Levu, Fiji; the type

is Seemann 49, a fruiting specimen. Although the presumed holotype is

clearly marked "Voma peak," Seemann erroneously cited the number in

1865 as from Kandavu.

Distribution: Endemic to Fiji and thus far known only from the up-

lands of Viti Levu at elevations of 600-1150 m.. where it occurs in mon-

tane or hill forest often on ridges, or occasionally in secondary forest. It

has been noted as a tree 2-15 m. high, with a trunk diameter up to 40 cm.,

often being stunted on exposed ridges; the sepals, petals, and filaments

are white or cream-colored. Flowers, not previously described, have been

collected in March and November, and fruits between August and No-
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Local names and use: Ndamanu (as other species of the genus) or

ndamanu ndilondilo. It has been noted as a useful timber, although since

it is smaller than most Fijian Calophylla, such use must be limited.

Fiji. Viti Levu: Mba : Waimongge Creek and vicinity, south of Nandarivatu,

Nandronga & Navosa: South of Mt. Tomanivi, Fiji Dept. Agr. 14292 (bish, k,
suva); track to Vanualevu village, Berry 79 (mass, suva). Namosi: Mt. Vaka-
rongasiu, Gillespie 3267 (bish); Mt. Voma, Aug. 24, 1860, Seemann 49 (k pre-
sumed holotype; isotypes at em. ghi; Mt Voma track. Fiji Dept. Agr. 604
(suva). Namosi-Naitasiri boundary: Summit of Mt. Naitarandamu, Gillespie

3232 (bish, gh, uc). Naitasiri: Vicinity of Rewasau, Howard 308 (bish, suva,
us); summit of Mendrausuthu Range, Fiji Dept. Agr. 15463 (mass suva),
15471 (bish, suva).

This apparently rare and local species has become adequately known
only through recent collecting. It is readily distinguished from other de-
scribed Fijian Calophylla by its numerous petals; although occasional
flowers are found to have only 4 petals, others in the same collection are
seen to have 5-10 petals. Even in the absence of flowers, C. cerasiferum
is sharply characterized by its robust, quadrangular branchlets with short
distal internodes, its small, thick leaf-blades that are usually less than
twice as long as broad, and its comparatively small, subglobose fruits with
a compactly fibrous mesocarp and a bony, comparatively sturdy endo-
carp. The reference of Solomon Island specimens to C. cerasiferum (Whit-
more, 1966: 77; 1967: 13) seems unjustified.

9. Calophyllum tenuicrustosum A. C. Sm. & S. Darwin, sp. nov.

Figure 22.

Arbor ad 20 m. alta, praeter partes juveniles et gemmam terminalem
pihs glandulosis copiose sed minute ferrugineo-tomentellas plerumque
mox glabrata, ramulis apicem versus 1.5-3 mm. diametro; petiolis 5-16
mm. longis sub anthesi interdum subpersistenter puberulis; foliorum la-
mims conaceis anguste ellipticis vel lanceolatis vel lanceolato-oblongis, 5-
10 cm. longis, 2-3.5 cm. latis, basi acutis et in petiolum decurrentibus,
ad apicem acutum vel obtuse cuspidatum gradatim angustatis. costa su-
pra leviter canaliculata subtus prominenti, nervis secundariis 15-35 per
centimetrum utrinque subtiliter prominulis; inflorescentiis ficte racemosis
vel interdum reductis (1-) 3-15-floris sub anthesi ad 6 cm. et sub fructu ad
11 cm. longis, pedunculo comparate crasso subnullo vel ad 3 cm. longo
interdum ut partibus juvenilibus puberulo plerumque glabrato; bracteis
sub flonbus papyraceis ovatis ad 3 X 2 mm. apice subacutis mox ca-
ducis, pedicelhs ante anthesin 5-10 mm. sub fructu 8-12 mm. longis;
flonbus ante anthesin 12-16 mm. diametro, sepalis suborbicularibus cir-
citer mm. diametro saepe involutis; petalis 4-6 ellipticis 7-9 mm. longis
4.5-5 mm. latis, superne rotundatis et obscure erosulis; staminibus in
aiaoastro vetusto circiter 200; fructibus ovoideo-ellipsoideis in sicco
conaceis et subrugulosis ad 22 X 18 mm., pericarpio 1.5-1.8 mm crasso,
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mesocarpio compacte fibroso 0.2-0.5 mm. crasso ad endocarpium adhae-

renti, hoc osseo 1-1.3 mm. crasso: testae seminis strato externo fibroso

cotyledonibus evolutis endocarpium arete adpresso.

Type locality: Mt. Evans Range. Mba Province, Viti Levu, Fiji; the

type is Smith 4058.

Distribution: Endemic to Fiji and thus far known from only a few

collections on Viti Levu and Vanua Levu, these occurring in dense forest

at elevations from near sea-level to 1,050 m. It has been noted as a tree 9-

20 m. high, with a trunk to 50 cm. in diameter; the sepals and petals are

white and the fruit green. Advanced flower buds were collected in Sep-

tember and November and fruits in April.

Local name: Like other Fijian species of the genus, this is locally

known as ndamanu.

Fiji. Viti Levu: Mba: Natua Levu, Mt. Evans Range, Fiji Dept. Agr. 14053

(bish, suva); slopes of Mt. Nairosa, eastern flank of Mt. Evans Range, alt. 700-

1,050 m., April 28, 1947. Smith 4058 (a holotype; isotypes at bish. k, ny. us).

Serua: Queen's Road, Fiji Dept. Agr. 7036 (bish, suva). Vanua Levu:

Mathuata: Sasa Tikina (without other locality), Howard 195 (mass. suva).

Since good differentiating characters are found in the foliage and fruit,

the best fruiting collection and one with several duplicates is designated

as the type. The known distribution of this novelty is erratic both as to

geography and altitude, but the cited specimens seem definitely conspe-

cific. The best flowers are found on Fiji Dept. Agr. 14053, but even these

are not quite mature. Howard 195 has still younger inflorescences. How-

ever, the presence of four, five, or six petals in the flowers of the latter

two collections indicates the relationship of this taxon to Calophyllum

cerasiferum, a position confirmed by the general facies and the thin, fi-

brous mesocarp. From C. cerasiferum the new species differs in having

its leaf-blades narrowly elliptic to lanceolate-oblong and usually about

three times as long as broad, in the more obvious indument of its young

parts and terminal buds, and in its proportionately narrower fruits with

a distinctly thinner, almost negligible, mesocarp.

2. Mammea L. Sp. PI. 512. 1753; Kosterm. Mammea and Ochrocarpos.

For. Serv. Indones., Div. Plann. 11. 1956, in Commun. For. Res.

Inst. Indones. 72: 2. 1961.

Calysaccion Wight, Illustr. Ind. Bot. 130. 1831; Seem. Fl. Vit. 13. 1865.

The taxonomic status of Ochrocarpos Thou, has puzzled students of

the family, but the solution proposed by Kostermans (1956, 1961) seems

logical and is here accepted. Ochrocarpos is typified by O. madagascariensis

Thou, ex DC. and. in the interpretation of Kostermans, is limited to cer-

tain Madagascan taxa. Mammea L.. typified by M. amcrkana L.. includes

some 26 species in Asia, Malesia. and the Pacific, with a secondary cen-

ter in Madagascar, a few species in tropical Africa, and only M.
in America. In this interpretation. Mammea is characterized by the <
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spicuous and glanduliferous areoles of its leaf-blades and by the essentially

free filaments, while Ochrocarpos has leaf-blades with bands of secretory
canals crossing the secondary nerves and the filaments fascicled.

One widespread species and one Samoan endemic represent Mammea in

our area. They are polygamo-dioecious trees, glabrous throughout; the
branchlets are slightly flattened or subquadrangular in the distal inter-

nodes, turning from pale brown to grayish, with sparse, oval, slightly

protruding lenticels. The opposite leaves have inconspicuously short-
excavate petioles, the excavation at first enclosing the terminal bud, the
petioles soon diverging to leave an interpetiolar pseudostipular line. The
leaf-blades are coriaceous and entire, with spreading secondary nerves
prominulous on both surfaces and interspersed with many less conspicu-
ous ones; the principal nerves anastomose well within the margin but also
continue outward to merge into an irregular collecting nerve close to the
margin. The veinlets form a conspicuous reticulum (Figures 27, 28, 30,

31), resulting in areoles that in dried leaves are depressed on both surfaces
and have a dark raised gland in the center. The inflorescences are
axillary, often to scars of fallen leaves, fasciculate, and with 2-5 flowers.
of which only one seems to mature. The flowers (Figures 24 25) are
pedicellate and subtended by closely imbricate bracts, with a calyx com-
posed of 2 sepals that are completely fused in bud but separate at an-
thesis. The petals are usually 4 in Mammea, but in M. odorata they ap-
pear to be uniformly 6. The androecium of $ and S flowers appears
similar composed of numerous essentially free stamens (Figure 25), of
which the 2 -celled anthers dehisce longitudinally. The gynoecium is lack-
ing in a flowers; in $ flowers it consists of a sessile, 4-locular ovary which
soon becomes unilocular by abortion; the single ovule is basal and anatro-
pous^ The fruits, carnose when fresh, become coriaceous in drying; they
are borne on branchlets below the leaves and are oblique or curved, with
a single basally attached seed. The sepals are caducous and the stigma
persistent. The pericarp (Figure 26) consists of a thin exocarp, a meso-
carp that dries dense and hard, and a fibrous endocarp. The seed appears
embedded in pulp when fresh, but the amount of this apparently varies
with the species, and consequently a conspicuous or negligible air-space
surrounds the seed in old fruits.

Key to Species

Branchlets and petioles robust, the former 4-6 mm. in diameter toward apex.

,„
e

n. «,
3 ^mm '

m dlameter
;
leaf-blades concolorous, obovate or elliptic,

usually 11-20 X 7-11 cm., the outer collecting nerve 1-3 mm. within
margin; fruiting pedicels 7-17 mm. long, the fruit tapering to a manifest

X™ l\Tu l0ng
,
^ Sdgma 3b0Ut 3 mm

-
in diamet "r, the endocarp

iZjT;
thlCk

'.
the seed embedded in pulp when fresh, this evanescent and

leaving a conspicuous air-space in dried fruit. 1 M odorata
Branchlets and petioles comparatively slender, the former 2-3 mm' in' diameter

toward apex, the latter 1.5-2.5 mm. in diameter- leaf-blades paler and
glaucous beneath, elliptic to oblong, usually 7-14 X 3-5 5 cm ( uvenile
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up to 22 X 8.5 cm.), the outer collecting nerve 0.3-1 mm. witl

fruiting pedicels 20-30 mm. long, the fruit tapering to a sessile

3.5-4 mm. in diameter, the endocarp (

appressed to the endocarp and not lea

fruit 2. M. glauca.

1. Mammea odorata (Raf.) Kosterm. Mammea and Ochrocarpos, For.

Serv. Indones., Div. Plann. 13. 1956, in Commun. For. Res. Inst.

Indones. 72: 15. fig. 9, 10. 1961; J. W. Parnam, PI. Fiji Id. ed. 2.

195. 1972. Figures 23-28.

Lignum clavorum Rumph. Herb. Amb. 3: 97. t. 64. 1743.

Lolanara odorata Raf. Fl. Tellur. 1: 16. nom. nud. 1837, op. cit. 2: 34. 1837.

Calophyllum excelsum Zoll. & Mor. Nat. Geneesk. Arch. Ind. 2: 582. 1845.

Calxsaccion obovale Miq. Fl. Ind. Bat. Suppl. 500. 1861; Seem, in Bonplandia

9: 254. 1861; A. Gray in Proc. Am. Acad. Arts 5: 315. 1862; Seem. Viti.

433. 1862.

Calysaccion tinctorium Seem. Fl. Vit. 13. pi. 9. 1865.

"Calyaccion tinctorum" Home. A Year in Fiji. 258. 1881.

Ochrocarpus tinctorius Drake, III. Fl. Ins. Mar. Pac. 116. 1890.

Ochrocarpus excelsus Vesque in DC. Monogr. Phan. 8: 525. 1893; Engl, in

Engl. & Prantl, Nat. Pflanzenfam. ed. 2. 21: 192. fig. 80, A-H. 1925.

Ochrocarpos odoratus Merr. in Jour. Arnold Arb. 26: 94. 1945.

Ochrocarpus odoratus Merr. ex J. W. Parham, PI. Fiji Isl. 136. 1964.

Tree to 12 m. high, the branchlets stout, 4-6 mm. in diameter toward

apex, soon thickening; leaves often distally congested, the petioles robust

(3-5 mm. in diameter), semiterete or canaliculate, 8-20 mm. long; leaf-

blades drying brown to dull green, concolorous, obovate or elliptic, (9-)

11-20 cm. long, (6-) 7-11 cm. broad, broadly obtuse to acute at base

and decurrent on the petiole, rounded or retuse or abruptly cuspidate at

apex (tip to 3 mm. long, obtuse or acute), recurved at margin, the costa

stout, broadly flattened and often shallowly canaliculate above, prominent

beneath, the principal secondary nerves 10-15 per side, irregularly anas-

tomosing 5-10 mm. within margin and also forming an irregular outer

collecting nerve 1-3 mm. within margin, the ultimate areoles often sub-

quadrangular or pentagonal, 0.5-1 mm. in diameter; flowers borne on

inconspicuous irregularly rounded protuberances 3-5 mm. broad, each

subtended by 4-8 closely imbricate bracts, these chartaceous, broadly

ovate, 1-2 X 2-3 mm., obtuse, entire or obscurely erosulous; pedicels

terete, 7-15 mm. long (to 17 mm. in fruit) ; flowers ellipsoid in bud, spread-

ing at anthesis to 15-25 mm. in diameter; sepals papyraceous, elliptic.

7-9 X 5-7 mm., obtuse or subacute at apex, with 15-18 parallel nerves;

petals 6, broadly imbricate in bud, at length spreading, submembranaceous.

obovate, at anthesis 10-17 X 4-7 mm., obtuse to rounded at apex, entire

or faintly erosulous at margin, with 10-15 ascending nerves dichotomously

branched distally; androecium of $ flowers composed of about 200 sta-

mens, the filaments filiform, 4-8 mm. long at anthesis, free or weakly con-

nate in the basal 0.5 mm., the anthers oblong, 1.5-2 mm. long, the thecae
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-28. Mammea odorata: 23 from Smith 1263, 24 and 25

6-28 from Fiji Dept. Agr. 16818. 23, branchlet with half-grown

24, S flower bud, X 2 1/2; 25, $ flower bud with sepals and 4
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slightly exceeded by the obtuse connective; S flowers similar to the 8

but with a central gynoecium, the ovary ellipsoid, 2-2.5 mm. in diameter

at anthesis, the style terete, about 2 mm. long, the stigma peltate, incon-

spicuously 2-lobed, about 2 mm. in diameter; fruits obliquely ellipsoid

to ovoid, up to 100 X 50 mm. at maturity, obtuse at base, narrowed dis-

tally to the persistent style and stigma, the stigma slightly accrescent,

the pericarp 2-5 mm. thick, the mesocarp 0.5-1 mm. thick, the endocarp

2-4 mm. thick, the seed embedded in pulp when fresh, this evanescent,

leaving a conspicuous air-space around the seed.

Type locality: Presumably Amboina; Lolanara odorata Raf. is

based solely on Lignum clavorum Rumph., which may be considered

typified by the Rumphian description and plate. The synonymy given

above is incomplete, but as far as noted the nomenclatural usages and

basionyms pertinent to the Fijian Region have been included. The com-

plex synonymy of this much named species is more fully discussed by

Merrill (1945) and Kostermans (1956, 1961). Of the basionyms involved,

only Calysaccion tinctorium Seem, is typified by a plant from our area:

Seemann 46, from Taveuni. Fiji, cited below. There are two sheets of

this at Kew, on one of which the Taveuni locality is noted, with a com-

ment: Tn Mbau there was only one tree." This implies that Seemann

saw the species on the islet of Mbau (Tailevu Province, Viti Levu) but

not necessarily that any of his preserved material was obtained there.

Distribution: Coastal areas throughout Malesia from Java and the

Philippines, thence eastward to Micronesia and Fiji. Specimens from the

New Hebrides have not been seen, but the species may be expected there.

Mammea odorata seems not to have been recorded from Tonga, and the

Samoan records probably all refer to M. glauca. In Fiji M. odorata is

strictly littoral, occurring in beach thickets, often on limestone, or on the

inner edge of mangrove swamps. It is a spreading tree 4-12 m. high,

with white petals, filaments, and ovary, and with yellow anthers; as far

as noted the fruits are green. Flowers and fruits do not seem seasonal.

Local names and uses: Vetao or vctau are the usual Fijian names, but

uvitao is also recorded. The close-grained wood is considered useful, and

the latex was sometimes used by Fijians to dye their hair orange-brown.

Fiji. Viti Levu: Mba: Namaka, Fiji Dept. Agr. 11734 (bish, suva). Tailevu:

Mokani, Fiji Dept. Agr. 656 (suva); between Mokani and Ndravo, Fiji Dept.

Agt. 629 (a. suva), 15458 (suva). Mbengga: Ndakuni. Fiji Dept. Agr. 2075

(bish, suva). Koro: Uthu ni Vanua, Fiji Dept. Agr. 15831 (bish, mass. suva).

Vanua Levu: Thakaundrove: Ndromoninuku, Fiji Dept. Agr. 16818 (bish,

mass, suva). Taveuni: Vicinity of Somosomo, May 1860. Seemann 46 (k holo-

type of Calysacch n tin > urn isotypes at bm. gh). Katafanga: Fiji Dept.

Agr., May 5, 1947 (bish. suva). Nayau: Tothill 22 (k). Kambara: Lime-

X 5- 26, cross section of fruit. X 1; 27, upper surface of leaf-

., -J, lower surface of leaf-blade, X 5. Figures 29-51. Mammea
a: all from Christ • i- IIio * _ - -

'< >l lts
,

1 4:

jpper surface of leaf-blade, X 5; 31, lower surface of leaf-blade, X 5.

mesocarp; e = endocarp.
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stone formation, Smith 1263 (bish, k, ny). Fulanga: Limestone :

133 (suva).

In the Kostermans revision of 1961, Mammea odorata would appear to

be a taxonomically isolated species, but perhaps one may assume that

from its forbear such local species as M. papuana (Lauterb.) Kosterm.
and the Samoan M. glauca have been derived. As suggested by Merrill

(1945), its fruits are probably dispersible by sea-water flotation.

2. Mammea glauca (Merr.) Kosterm. Mammea and Ochrocarpos, For.

Serv. Indones., Div. Plann. 12. 1956, in Commun. For. Res. Inst.

Indones. 72: 27. fig. 24. 1961. Figures 29-31.

Ochrocarpus excelsits sensu Christophersen in Bishop Mus. Bull. 128: 147.

Ochrocarpos glaucus Merr. in Jour. Arnold Arb. 26: 95. fig. 1. 1945.
Mammea sp. Kosterm. in Commun. For. Res. Inst. Indones. 72: 31. 1961.
Mammea odorata sensu B. E. V. Parham in New Zealand Dept. Sci. Indust.

Res. Inform. Ser. 85: 73. 1972; non Kosterm.

Tree to 18 m. high, the branchlets comparatively slender, 2-3 mm. in

diameter toward apex; petioles comparatively slender (1.5-2.5 mm. in

diameter), canaliculate, 10-17 mm. long (to 30 mm. on juvenile leaves);
leaf-blades drying dull green above, paler and glaucous (in mature leaves)
beneath with a thin waxy coating, elliptic to oblong, (4-) 7-14 cm. long,

(2-) 3-5.5 cm. broad (up to 22 X 8.5 cm. in juvenile leaves), obtuse at
base and short-decurrent on the petiole, acute to obtuse or emarginate
at apex (or on juvenile leaves cuspidate to short-acuminate), the costa
stout, flattened or shallowly canaliculate above, prominent beneath, the
principal secondary nerves 10-15 per side, irregularly anastomosing 3-7
mm. within margin (to 10 mm. in juvenile leaves) and also forming an
irregular outer collecting nerve usually 0.3-1 mm. within margin, the ulti-

mate areoles irregularly 3-5-sided, 0.3-1 mm. in diameter; flowers not
seen, the flower-subtending bracts caducous in fruit but presumably sev-
eral and imbricate; pedicels in fruit stout, subterete, 20-30 mm. long,
slightly swollen at apex; fruits curved-ovoid, up to 25 X 15 mm. (not
fully mature), obtuse at base, narrowed distally to the persistent stigma,
the sepals caducous, the style essentially none, the stigma peltate-bilobed,
3^5-4 mm. in diameter, recurved at margin, the pericarp 1-2 mm. thick,
the mesocarp 0.5-1 mm. thick, the endocarp 0.5-1 mm. thick the seed
apparently appressed to the endocarp and not leaving a conspicuous air-
space in drying.

Type locality: Medium wet forest above Matavanu, Savaii, Samoa;
the type is Christophersen & Hume 2029, cited below.

Distribution: Endemic to Samoa and thus far known only from Sa-
vaii occurring in coastal and inland forest at elevations from near sea-
level to 900 m. It has been recorded as a tree 15-18 m. high, with a
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trunk to 40 cm. in diameter and lacking latex (note on type collection),

with green fruits; the fruiting material available to us has been obtained

in July, but Kostermans (1961) also cites Vaupel 566 from Falealupo as

bearing fruits in December.

Local names and uses: In upland Savaii the names mamalava and

taipoipo have been noted, and in lowland forest the name manapau. B. E.

V. Parham. recording the species as Mammea odorata, incficates that the

timber is heavy and has been used for making clubs.

Samoa. Savaii: Vicinity of Falealupo, Christophersen (coll. Stehlm) 2664

(bish), Christophersen 3318 (bish. ny. re); above Matavanu. July 15. 1931.

Christophersen & Hume 2029 (a holotype; isotypes at bish. k. ny, i>. UC, us),

This Samoan endemic was presumably derived from the inland move-

ment of a population of Mammea odorata, although in its typical form

the latter seems now to be lacking from Samoa. While M. odorata is

strictly a strand plant or is associated with mangroves, the lowland rep-

resentatives of the genus in Samoa occupy a forest niche. The two such

collections that we have seen, those from the vicinity of Falealupo, are

sterile and apparently from juvenile plants; their leaves are more robust

than those of the montane specimens, but in shape and other characteristics

they definitely represent M. glauca rather than M. odorata. Lacking flow-

ers of M. glauca, we may still point to reproductive differences between

it and M. odorata. In the Samoan endemic, the fruits have a negligible

style and a comparatively large, recurved, distinctly bilobed stigma, and

it seems probable that the seed is embedded in comparatively sparse pulp.

so that a minimal air-space is left within the fruit at maturity.

In his 1961 revision. Kostermans (p. 31) lists Christophersen 3318 as

an undescribed Samoan species, overlooking the fact that he had (p. 28)

also cited this collection as Mammea glauca, a disposition that seems cor-

3. Garcinia L. Sp. PI. 443. 1753; Seem. Fl. Vit. 10. 1865.

In his voluminous work on the forest flora of Cochinchina (1879-1907),

Pierre (1883: 1: I-XL. pi. 54-92) discusses Garcinia at length, providing

excellent illustrations of many species, and comments on several from

our area. Many of his sections have been retained by Engler (1925). but

only three of them appear to extend eastward into the Fijian Region,

where the diversity of this complex genus, of more than 200 species, has

become greatly attenuated.

The species of our area are dioecious trees, often copiously laticiferous

and with secretory canals in the foliage and flowers, glabrous throughout.

The branchlets are subquadrangular or slightly flattened in the distal

internodes and there brownish or purplish, soon becoming subterete and

grayish, with sparse, small, oval lenticels. The opposite leaves have pet-

ioles that are semiterete or shallowly canaliculate, excavate basally around
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the terminal bud, soon diverging and leaving an interpetiolar pseudo-

stipular line (Figure 40) or scar (Figure 48); the excavation may be

distally produced into a conspicuous ligule (Figure 38) or not. The

leaf-blades are coriaceous to chartaceous or membranaceous, drying dull

green or brownish, with secondary nerves spreading or subascending from

a curved base. The inflorescences in our species are terminal at inception

and cymose, or axillary (often to caducous leaves) and fasciculate or

glomerulate, with small but usually obvious flower-subtending bracts. The

flowers are pedicellate or sessile, the 4, 6, or 8 decussate perianth-segments

with obscure nerves or more obvious longitudinal secretory canals. The
androecium is highly diverse in the $ flowers, providing a basis for sec-

tional recognition. An androecial rudiment may be present or absent in

9 flowers, which have a superior sessile ovary with 2 or several (Figure

37) or many locules. The ovules are solitary in each locule, axile (Figure

55) or subascending, and anatropous; in our species the stigma is sessile

or nearly so. The fruit is baccate or drupaceous, carnose when fresh but

drying either smooth or costate, depending upon the texture of the endo-

The following key is based only on the species of our area and does not

incorporate the full range of variation present in the three sections rep-

resented. We here recognize five species, one of which is described as new.

Key to Species

Petioles with the proximal excavation distally produced into a conspicuous

ligule 1.5-4 mm. long; leaf-blades with secondary nerves 6-16 per centi-

meter; inflorescences terminal at inception, cymose, with paired bracts at

the nodes; sepals and petals each 4; $ flowers with the androecium com-
posed of 60-100 stamens aggregated into 4 phalanges opposite the petals,

a sterile central gynoecium present; ovary of 5 flowers with (4-). 5 or 6

locules; fruits ovoid to obovoid, often apiculate with the persistent short

style and accrescent stigma, with (4-) 5 or 6 seeds, the dissepiments thin.

the sepals persistent (Sect. Mangostana) ; New Hebrides, Fiji, and Tonga.

1. G. pseudoguttifera.
Petioles with the proximal excavation not produced into a ligule; leaf-blades

with 1-3 (-8) secondary nerves per centimeter; inflorescences axillary,

often to caducous leaves, fasciculate or glomerulate, the flowers arising

from a pulvinate or irregularly subglobose or short-cylindric peduncle;
sepals and petals often each 4, sometimes fewer; fruits ellipsoid, the stigma
strictly sessile, persistent, pulvinate-discoid.

Pedicels obvious, 3-12 (-15) mm. long, distally swollen into an inconspicuous
flattened receptacle; androecium of $ flowers composed of numerous
(up to 700) stamens aggregated into 4 phalanges opposite the petals, a
sterile central gynoecium present; ovary of $ flowers with 2 locules;

fruits smooth in drying, the seeds 2, the dissepiment thin, the sepals ca-

ducous, the stigma conspicuously accrescent (Sect. Discostigma) .

Flowers comparatively small, the sepals 1.5-3.5 X 1.5-4 mm., the petals

3-4.5 X 2.5-3.5 mm., the androecium in 9 flowers lacking or forming
an obscure annulus hardly 0.1 mm. high; mature fruits 13-16 X 12-

14 mm.; petioles 2-10 mm. long; leaf-blades 4-11 X 1.2-5 cm., at-
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tenuate at base and long-decurrent on the petiole; New Hebrides and

Fiji 2. C, ritiemis.

Flowers larger, the sepals 3-5 X 4-7 mm., the petals 3-6 X 3-7 mm., the

androecium in $ flowers composed of short-oblong phalanges 0.5-0.7

mm. high; mature fruits 20-45 X 15-30 mm.; petioles 4-20 (-25 i mm.

long; leaf-blades usually 7-17 X 4-11 cm., obtuse at base and short-

decurrent on the petiole; Fiji and Tonga 3. G. myrtifolia.

Pedicels lacking or minute, rarely as long as 2.5 mm., imperceptibly enlarging

into the calyx; androecium of $ flowers central, composed of 7-30 sta-

mens fused into a carnose stalk, the anthers sessile or essentially so, a

gynoecium lacking; ovary of $ flowers with 5-13 locules; fruits instate

in drying, the seeds 5-13, enclosed in pyrenes separated by air-chambers

or pulp, the endocarp of each pyrene bony or horny, the sepals persistent,

the stigma only slightly accrescent (Sect. Mungotia).

Corolla composed of 4 petals, these very early becoming marginally im-

bricate and soon conspicuously so; inflorescences composed of 3-9

flowers, the flower-subtending bracts usually 2 per flower; fruits with a

mesocarp 0.5-1.5 mm. thick, sharply (6-) 10-13-costate when dried,

the pyprenes (6-) 10-13, with bony endocarps 0.2-1 mm. thick, ob-

tuse to narrowly rounded on the dorsal face; leaf-blades usually char-

taceous to membranaceous, obtuse to acute at base; Santa Cruz Is-

lands, Fiji, Tonga, and Samoa 4. G. sessihs.

Corolla composed of 2 valvate petals, these with thick margins broadly ap-

pressed to each other; $ inflorescences usually composed of 15-40

flowers, rarely of 3-7 flowers in distal inflorescences, the flower-sub-

tending bracts often more than 2 per flower; fruits with a mesocarp

2-3 mm. thick, obtusely 5-8-costate when dried, the pyrenes 5-8. with

horny endocarps 1-4 mm. thick, broadly rounded on the dorsal face;

leaf-blades subcoriaceous to chartaceous,

Fiji. 5. G. adinantha.

1. Garcinia pseudoguttifera Seem. Fl. Vit. 11. 1865; Home, A Year

in Fiji, 262. 1881 ; Pierre, Fl. For. Cochinch. 1 : XL. 1883; Vesque in

DC. Monogr. Phan. 8: 483. 1893; Yuncker in Bishop Mus. Bull.

220: 188. 1959; J. W. Parham, PL Fiji Id. 134. 1964, ed. 2. 194.

1972. Figures 32-39.

Garcinia echinocarpa sensu Seem, in Bonplandia 9: 254. 1861; non Thw.

Garcinia pedicellata Seem. Viti, 433, quoad spec, vit., non sensu typi. 1862.

Garcinia sp. n. Home, A Year in Fiji. 262. 1881.

Garcinia pancheri sensu Guillaumin in Jour. Arnold Arb. 12: 226. 1931; non

Pierre.

Tree to 25 m. high, the branchlets 1.5-4.5 mm. in diameter toward

apex; petioles slender to robust, 10-35 mm. long, conspicuously excavate,

the excavation distally produced into a conspicuous ligule, this coriaceous,

oblong-ovate, rounded distally, free from petiole in the ultimate 1.5-4 mm.;

leaf-blades coriaceous, ovate to oblong-elliptic or slightly obovate, (4-)

6-17 cm. long, (2.5-) 3.5-12 cm. broad, obtuse to attenuate at base and

decurrent on the petiole, obtusely cuspidate to rounded or sometimes re-

tuse at apex, entire and often narrowly recurved at margin, the costa
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Figures 32-39. Garcinia pseudoguttifera: 32 from Yuncker 16204, 33 from
Kajewski 831, 34 from Smith 4464. 3 5 from Fiji Dept. Agr. 13936, 36 from
Smith 997, 37 from Smith 7143, 38 from Smith 6308, 39 from Smith 217. 32.

section of 8 flower showing 2 phalanges and sterile gynoecium, X 3; 33.

petal and phalange of S flower, X 4; 34. developing gynoecium, with persis-

tent sepals, X 3; 35, section of S flower, showing 2 phalanges, X 3; 36, petal

and phalange of $ flower. X 4; 37, cross section of developing gynoecium, X 3;

38. petiole-bases, showing the conspicuous ligules, X 5; 39, cross section of
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stout, plane or slightly raised above, prominent beneath, the secondary

nerves 6-16 per centimeter, spreading, irregularly anastomosing, prominu-

lous on both surfaces, joined in a collecting nerve 0.2-1 mm. within mar-

gin, the veinlet-reticulation sparse, immersed or prominulous on both sur-

faces, sometimes parallel to secondaries; inflorescences terminal at in-

ception, sometimes on short lateral branchlets, cymose, the $ 3-5 -times

branched, 5-40-flowered, up to 6 cm. long and 10 cm. broad, the 9 usu-

ally 2- or 3-times branched, 1-7-flowered (flower often solitary and ter-

minal), up to 3 X 3 cm. at anthesis and to 7 cm. long in fruit, the peduncle

stout, usually 3-15 mm. long but sometimes lacking; bracts at inflores-

cence-nodes paired, subcoriaceous, ovate or oblong, obtuse, 2-5 mm. long,

the flower-subtending bracts similar or semi-orbicular, to 1 X 2 mm.;

pedicels (above ultimate articulation) inconspicuous, 1-6 mm. long, in 9

flowers scarcely exceeding 4 mm, becoming stout and often sulcate in

fruit; flowers in ultimate groups of 2 or 3, but usually solitary in 9 and

sometimes $ inflorescences, 10-17 mm. in diameter at anthesis, the peri-

anth-segments often with immersed opaque glands; sepals 4, decussate,

thick-carnose, broadly ovate or suborbicular, rounded at apex, entire or

undulate, the outer ones 3-4 X 4-8 mm., the inner ones 4-5 X 5-9 mm.;

petals 4, broadly imbricate, thick-carnose, orbicular to broadly obovate,

6-10 mm. long, 5-9 mm. broad, rounded, entire; androecium of & flow-

ers cupuliform, composed of 60-100 stamens aggregated into 4 phalanges

opposite the petals, each phalange carnose, 3-7 mm. long, irregularly di-

vided at margin, the anthers single or in small clusters, basifixed, ovoid

or ellipsoid, 0.5-1 mm. long, laterally dehiscing, the gynoecium in $ flow-

ers minute or oblong, irregular, solid, to 3 mm. long; 9 flowers with a

subglobose ovary 3-4 mm. in diameter at anthesis, the wall thick-carnose,

with copious longitudinal mucilage-canals, the dissepiments thin, the lo-

cules (4-) 5 or 6, often bilobed on the extrorse face, the style none or

stout and very short, the stigma peltate to rounded, 2-3 mm. in diameter

at anthesis, minutely tuberculate, often becoming inconspicuously 4-9-

lobed, the androecium in 9 flowers composed of 4 dendroid phalanges ad-

nate to petals and bearing small irregular staminodia; fruits carnose at

maturity, becoming coriaceous in drying, ovoid to obovoid, to 50 X 40

mm. (but perhaps sometimes larger), often apiculate with the persistent

short style and enlarged stigma to 8 mm. in diameter, the pericarp variable

in thickness, 1.5-10 mm. thick, the dissepiments persistent, the locules

(4-) 5 or 6; seeds curved-ellipsoid, angled on inner edge, convex or bi-

lobed on extrorse face, to 20 mm. long and 10 mm. broad.

Type locality: In his protologue Seemann mentions "Kandavu, in

mountainous woods," but the holotype bears the inscription "Wood about

Navua." Seemann (1862) visited the lower Navua River on three occa-

sions, in July, August, and September, 1860, and Kandavu twice, in

August and September As his material was doubtless sorted after his

return to England, it is likely that the data with the specimens are the

more accurate. The type, Seemann 50, is cited below as from the vicinity

of Navua, Serua Province. Viti Levu.
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Distribution: New Hebrides, Fiji, and Tonga, occurring with some
frequency in the first two archipelagoes but apparently collected only

once in Tonga. It has been noted at elevations from near sea-level to

450 m. (New Hebrides) or 1,150 m. (Fiji), in dense or thin forest or

sometimes in beach thickets, as a tree 4-25 m. high with a trunk diameter

up to 30 cm. (which is probably exceeded) and with abundant yellow or

pale latex. The petals are yellowish white, becoming pale pink to red;

the fruit is usually noted as green, but becomes red or perhaps darker at

maturity. Flowers and fruits have been obtained throughout the year.

Local names and uses: Neyaheven has been recorded in the New
Hebrides and mo'onia in Tonga. In Fiji the frequently used names are

kau yalewa, mbulu, mbuluwai, or mbuliwai, but also noted are sueri, mali,

sarosaro, mbulumangayalewa, mbulumanga, and nambulinomati. The
fruit is considered edible in both the New Hebrides and Fiji; and in the
latter archipelago the plant is sometimes used for timber, an extract of

the leaves is used to relieve pain, and oil from the fruit is used as a

New Hebrides. Vanua Lava, Banks Group: Kajewski 414 (a), 415 (a, ny).
Epi: Mont Alembe, Anbert de la Rue, Nov. 21, 1935 (a, p). Eromanga: In-
land from Dillon Bay, Kajewski 342 (a, bish, ny, us), 389 (a, ny); Ulenarap,
S. River, Johnson 19 (a, k). Aneityum: Anelgauhat' Bay, Kajewski 831 (a,

Fiji. Yasawas: Waya: Along Wailevu Creek, St. John 18072 (bish, suva. us);
vicinity of Nangua, St. John 18153 (bish, suva. us). Vitt Levu: Mba: Moun-
tains near Lautoka, Greenwood 507A (a. bish); vicinitv of Nalotawa. eastern
base of Mt. Evans Range, Smith 4464 (a, bish, k, ny, us) ; Naloto Range. Fiji
Dept. Agr. 14761 (bish. suva), 14775 (suva); vicinity of Nandarivatu. Tot hill

tie 3881, 4194 (both bish, gh, uc); Mt. N
6308 (a, us); slopes of Mt. Tomanivi, Gillespie 4077 {

5216 (a, bish, k, ny, us). Nandronga & Navosa: Vicinity of Nandrau, Berry
a), Fiji Dept. For. 1178 (bish, suva); northern portion of

Nandrau and Nanga, Smith 5498, 5552 (both
A, bish, k, ny, us). Serua: Rovondrau Bay, Fiji Dept. Agr 7199 (suva) 7203
(suva); Ndeumba, Fiji Dept. Agr. 16977 (suva); Koromba Beach, Fiji Dept.
Agr. 15277 (mass, suva); vicinity of Navua, July-Sept. 1860, Seemann 50 (k
holotype; isotypes at bm, gh). Namosi: Northern slopes of Korombasambasanga
Range, in drainage of Wainavindrau Creek, Smith 8753 (bish, gh, us). Ra:
Vicinity of Rewasa, near Vaileka, Degener 15392 (a, bish, k, ny, p, uc, us),
15495 (a bish, ny, us). Naitasiri: Between Viria and Namuamua, Fiji Dept.
Agr. 68 (suva)

; Waindrandra Creek, Fiji Dept Agr 795 (suva) between Na-
wangasua and Nanduna, Fiji Dept. Agr. 639 (suva); vicinity of Tamavua, Gil-
lespie 2196 (bish). Tailevu: East of Wainimhuka River, vicinity of Ndakui-
vuna Smith 7143 (bish, gh, k, ny, suva, uc, us). Kandavu: Mt. Mbuke Levu.
Smith 217 (bish, gh, k, ny, uc. us); Lutumatavoro, Fiji Dept. Agr. 14925 (a.

Smiths'
°VALAU: WeSt ° f Lovoni Valley

'
on ridSe south of Mt Korolevu.

Gillespie 4438 (bish), 4510 (bish, uc).
'

Makongai: TotkiU 2] Tk). 'kor.>:
Eastern slope of mam ridge, Smith 997 (bish, gh, k. ny, uc us) Vanua Levu:
Mbua: Southern portion of Seatovo Range Smith 7557 1 bish' ny)- Wainunu
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Valley, Fiji Dept. Agr. 15761 (SUVA), 15794 (suva). Mathuata: Above Nasin-

gasinga, Berry 51 (suva); Mt. Ndrandramea, Fiji Dept. Agr. 15386 (suva);

Nanduri, Tothill F435 (bish, k); Seanggangga Plateau, Smith 6894 (a, bish,

ny, us), Fiji Dept. Agr. 13936 (bish, suva); Tambia River area, Howard 410

(suva); Mt. Numbuiloa, east of Lambasa, Smith 6552 (a, bish, ny, us). Tha-

kaundrove: Mt. Kasi, Yanawai River region, Smith 1801 (bish, gh, k, ny, uc,

us); Tuvamila, Natewa Peninsula, Howard 73 (suva). Rambi: Home 450 (gh,

k). Taveuni: Vicinity of Waiyevo, Gillespie 4633 (bish); Mt. Manuka, east

of Wairiki, Smith 8319 (bish, gh, ny, us). Moala: Near Maloku. Smith 1335

(bish. gh. k, ny, uc. us). Vanua Mbalavu: Tothill 23a (k); northern lime-

stone section. Smith 1471 (bish, gh, k, ny, uc. us). Fiji, without further lo-

cality: U. S. Expl. Exped. (gh).

Tonga. Vava'u: Near Mataika, north of Neiafu, Yuncker 16204 (bish, gh.

The New Hebridean specimens cited above, including those listed by

Guillaumin in 1931 as Garcinia pancheri, are clearly referable to G. pseu-

doguttijera. They are scarcely distinguishable in facies and foliage from

many Fijian collections; their androecia have phalanges (Figure 33) in-

clined to be distally divided into branches composed of several filaments,

whereas in Fiji the phalanges (Figure 36) are often irregular and bear

individual anthers, but throughout the taxon the form of phalange is

highly variable as to the degree of filament-fusion. Garctnia pancheri

Pierre (1883: 1 : XXV. pi. 89, D), apparently a New Caledonian endemic,

differs superficially from G. pseudoguttijera in its smaller leaf-blades with

fewer secondary nerves, its less complex and fewer-flowered $ inflores-

cences, and its' smaller sepals and petals. Pierre placed his species in

Sect. Mungotia, the stamens being 26-32 in number and aggregated on

the convex summit of a tetragonal axis. The species is not mentioned

by Engler (1925), but in his treatment it would seem correctly placed in

Sect. Mungotia, although Vesque (1893: 274, 435) referred it to Sect.

Cambogia. In either case it is only remotely related to G. pseudoguttijera,

which seems best placed in Sect. Mangostana.

Seemann (1862: 433) correctly proposed the binomial Gamma pedt-

cellata for Clusia pedicellata Forst. f. (Fl. Ins. Austr. Prodr. 74. 1786),

erroneously referring to it his no. 50. In 1865 Seemann clarified the matter

by describing G. pseudoguttijera and amplifying his concept of G. pedi-

cellata as a presumable New Caledonian endemic. Neither Pierre (1883:

1: XL) nor Vesque (1893: 483) has further elaborated the status of G.

pedicellata.

2. Garcinia vitiensis (A. Gray) Seem. Fl. Vit. 10. 1865; Home, A Year

in Fiji. 262. 1881; Pierre, Fl. For. Cochinch. 1: XXXVI. 1883,

Vesque in DC. Monogr. Phan. 8: 365. 1893: Engl, in Engl. & Prantl

Nat. Pflanzenfam. ed. 2. 21 : 223. 1925; Guillaumin in Jour. Arnold

Arb. 12: 227. 1931; J. W. Parham, Pi. Fiji Isl. 136. 1964, ed. 2.

195. 1972.
Figures 40-43.

Discostigma vitiense A. Gray. Bot. U. S. Expl. Exped. 1: 216. 1854, Atlas
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Figures 40-43. Garcinia vitiensis: 40 from Smith 9420, 41 from Fiji Dept.

Agr. 15482, 42 from Smith 6818, 43 from Smith 5066. 40, young branchlet and

petioles, X 5; 41, 9 flower, X 5; 42. cross section of fruit. X 2; 43. develop-

ing gynoecium, X 3. Figures 44-48. Gat From Smith 4573.

45 from Parks 16260, 46 and 47 from Hurlimann 258, 48 from Degener 14651.

44, developing gynoecium. X 3; 45. cross section of fruit. X 2; 46, $ flower

bud, X 5; 47, androecium of $ flower, with phalange removed to show sterile

gynoecium, X 10; 48, young branchlet and petiole-bases, X 5.
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Tree to 25 m. high, the branchlets 1-2.5 mm. in diameter toward apex;

petioles often slender, 2-10 mm. long; leaf-blades coriaceous or thick-

chartaceous. elliptic to lanceolate, 4-11 cm. long, 1.2-5 cm. broad, at-

tenuate at base and long-decurrent on the petiole, obtuse to obtusely acu-

minate at apex (acumen to 10 mm. long), entire and thickened-recurved

at margin, the costa plane or sharply elevated above, subprominent be-

neath, the secondary nerves 2-8 per centimeter, ascending or subspread-

ing, prominulous on both sides or immersed above and plane beneath,

inconspicuously joined in a collecting nerve 0.5-1 mm. within margin,

obscurely interconnected by a veinlet-reticulation, this usually immersed

or sometimes faintly prominulous beneath; £ inflorescences not seen;

9 inflorescences axillary, fasciculate, composed of 1-4 flowers arising

from an inconspicuous pulvinate peduncle, the flower-subtending bracts

subcoriaceous, ovate-deltoid, 0.5-1 mm. long and broad, obtuse; pedicels

subterete or subquadrangular, 4-10 mm. long, sometimes articulate near

middle and there bibracteolate (bracteoles slightly smaller than bracts),

distally swollen into an inconspicuously flattened receptacle; perianth com-

posed of 3 or 4 decussate pairs of segments, 5-8 mm. in diameter at an-

thesis; sepals 4, rounded, the outer ones papyraceous, ovate, 1.5-3 X 1.5-

2.5 mm., entire and sometimes inflexed at margin, with immersed nerves,

branaceous or papyraceous, suborbicular, 3-3.5 X
faintly erosulous at margin, with about 12 inconspicu-

es; petals 2 or 4, broadly imbricate, submembranaceous,

elliptic or suborbicular, 3^L 5 mm. long, 2.5-3.5 mm. broad, rounded,

entire or faintly erosulous at margin, with 12-15 inconspicuous ascending

nerves; $ flowers with a carnose, ovoid to obovoid ovary 1-1.5 mm. long

and in diameter at anthesis, the wall thick-carnose, the dissepiment thin,

the locules 2, the stigma strictly sessile, carnose, pulvinate-discoid, 2-2.5

mm. in diameter, smooth or faintly tuberculate, the androecium in 9

flowers often lacking but sometimes forming an obscure 4-lobed annulus

less than 0.1 mm. high; fruits carnose at maturity, becoming coriaceous

in drying, ellipsoid, 13-16 mm. long, 12-14 mm. broad, often cicatricose

at base with scars of caducous perianth-segments, surmounted by the

persistent stigma, this accrescent to 6 mm. in diameter, the pericarp about

0.5 mm. thick, the dissepiment persistent, thin, chartaceous. the locules 2;

seeds semi-ellipsoid, filling the locules.

Type locality: Ovalau, Fiji; the type is a U. S. Exploring Expedition

specimen, cited below.

Distribution: The New Hebrides and Fiji, apparently rare in the

former archipelago, but occasional on high islands in the second. The

species occurs at elevations from near sea-level to 1,050 m., in dense,

open, or rocky forest, or on forested ridges. It is a tree 3-25 m. high,

sometimes compact or slender, and with pale latex; the sepals are pale

green, the petals cream-colored, the stigma yellow, and the fruit turning
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from green to reddish purple and becoming black at maturity. No stami-

nate flowers have been seen, but pistillate flowers have been obtained in

March and April; fruits in various stages seem to persist throughout the

year.

Local name and use: The name asivula has been recorded in Mba
Province, Fiji; Kajewski notes that the tree is common on Aneityum,
New Hebrides, and that the wood is durable.

New Hebrides. Eromanga: Southeastern part of island, Schmid 3207 (p).
Aneityum: Anelgauhat Bay, Kajewski 840 (a, bish, ny).

Fiji. Viti Levu: Mba: Mt. Ndelaiyoo. west of Nandarivatu, Smith 5066 (a,

bish, k, ny. us); vicinity of Nandarivatu, To thill 150 (k). Serua: Inland from
Yarawa, Fiji Dept. For. 1048 (a, k); north of Ngaloa. in drainage of Wainin-ere
Creek, Smith 9420 (bish, gh. k. ny, re. us). Namosi: Mt. Vakarongasiu. Fiji
Dept. Agr. 16130 (bish, suva). Naitasiri: Mendrausuthu Range. Fiji Dept.
Agr. 15482 (mass, suva); Tholo-i-suva. Fiji Dept. Agr. 117 (suva); Prince's
Road, Fiji Dept. Agr. 1621 (suva). Rewa: Mt. Korombamba, Fiji Dept. Agr.
16504 (bish, mass, suva), Webster & Hildreth 14085 (mass). Ovalau: In
1840, U. S. Expl. Exped. (us 11515 holotype; isotype at gh). Ngau: East of
Herald Bay, inland from Sawaieke, Smith 7760. 7761 (both bish, gh, k, ny.
suva, uc, us). Vanua Levu: Mathuata: Seanggangga Plateau, in drainage of
Korovuh River, vicinity of Natua, Smith 6690 (a, bish, k, ny, us), 6818 (a,
bish, us); Mt. Numbuiloa, east of Lambasa, Smith 6440 (a, us), 6577 (a, bish,
k, us); Wainikoro River, Greenwood 700 (a, k). Thakaundrove: Between
Waiwai and Lumaloma, Home 630 (gh, k). Fiji, without further locality:
Home 1095 (gh, k).

Although represented by many specimens with fruits in various stages,
and by a few with $ flowers. Garcinia vitiensis seems still unknown as
to its $ flowers. Nevertheless, it is certainly correctly referred to Sect.
Discostigma by Pierre, Vesque, and Engler. Most available 9 flowers
have no trace of an androecium, but sometimes a minute, 4-lobed annulus

rarcinia myrtifolia A. C. Sm. in Jour. Arnold Arb. 31: 315. 1950;
Yuncker in Bishop Mus. Bull. 220: 188. 1959; J. W. Parham, PI.
Fiji Isl. 134. 1964, ed. 2. 194. fig. 58. 1972. Figures 44-48.

i 28 m. high, the branchlets 1.5-3 mm. in c

long; leaf-blades thin-coriaceous, oblong-ovate

Tree

petioles 4-20 (-25)
to elliptic, (5-) 7-17 cm. long,' (3-) 4-11 cm. broil, obtu^Trbase and
short-decurrent on the petiole, obtuse at apex or broadly cuspidate and
often emarginate, entire and slightly thickened-recurved at margin, the
costa stout, plane or broadly elevated and sometimes shallowly canalicu-
late above, prominent beneath, the secondary nerves usually 2 or 3 per cen-
timeter, spreading, with lesser ones sometimes interspersed, usually ob-
vious and prorninulous on both sides, rarely subimmersed. inconspicuous-
ly joined in a collecting nerve 0.5-1 mm. within margin, interconnected
by an irregular but often obvious veinlet-reticulation ; inflorescences axil-
lary, often to caducous leaves, fasciculate, composed of 1-5 (usually 1 or
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2) flowers arising from a pulvinate peduncle, this rarely irregularly terete

and to 5 mm. long, the flower-subtending bracts subcoriaceous, oblong. 1-

2 mm. long and broad, obtuse, caducous; pedicels subterete, 3-12 mm. long
at anthesis and to 15 mm. long in fruit, ebracteolate or sometimes bear-
ing a pair of bracteoles resembling the bracts below middle, distally swol-

len into an inconspicuously flattened receptacle; flower buds subglobose,
5-7 mm. in diameter just prior to anthesis, the perianth composed of 2,

3, or 4 decussate pairs of segments; sepals usually 4, rarely 2, broadly
imbricate, thin-coriaceous, suborbicular, 3-5 X 4-7 mm., rounded and
entire, with 12-15 freely branching veins, these immersed or inconspicu-

ous, the inner sepals (if present) slightly smaller; petals 2 or "4, subcar-

nose or submembranaceous, suborbicular or obovate, 3-6 X 3-7 mm.,
rounded, undulate or faintly erosulous, flabellinerved with 12-25 irregu-

larly dichotomously branched veins, these sometimes obscure or subim-
mersed; S flowers with an androecium composed of 500-700 anthers ag-

gregated into 4 phalanges opposite the petals, these dendroid, irregularly

several-times branched, the anthers borne on both inner and outer sur-

faces, subglobose. 0.2-0.3 mm. long and broad, the gynoecium present as

a slender, terete, sterile ovary sometimes with a capitate-discoid stigma 2-

2.5 mm. in diameter; $ flowers with a carnose oblong-subglobose ovary
1.5-2 mm. in diameter at anthesis, the dissepiment thin, the locules 2, the

stigma strictly sessile, carnose, pulvinate-discoid, 1.5-2.5 mm. in diameter,

often obscurely scrobiculate, the androecium in $ flowers composed of

2 or 4 carnose short-oblong phalanges, these 0.5-0.7 mm. long, about 2

mm. broad, marginally bearing a few minute sessile staminodia; fruits

carnose at maturity, oblong-ellipsoid. 20-45 mm. long. 15-30 mm. broad,

surmounted by the persistent stigma, this accrescent to 7 mm. in diameter,

the pericarp 0.5-2 mm. thick, often becoming brittle in drying, the dis-

sepiment persistent, the locules 2; seeds oblong, filling the locules, the

testa brittle.

Type locality: Southern slopes of Nausori Highlands, Nandronga &
Navosa Province. Viti Levu. Fiji; the type is Smith 4573, cited below.

Distribution: Fiji and Tonga, now known to occur with some fre-

quency on high islands of the former group, but known only on Kao and
'Eua in the latter. In both archipelagoes the species is found at elevations

above 50 m., in Fiji up to 915 m. and in Tonga up to 400 m.. in primary,

secondary, open, or rocky forest, sometimes on limestone. It has been re-

corded as a tree 3-28 m. high, sometimes spreading or slender, with a

trunk up to 41 cm. in diameter and with yellow or brownish latex; the

flowers are white or greenish white, and the fruit turns greenish white

to dull yellow, red-tinged, or purple at maturity. Flowers and fruits may
be anticipated in any season.

Local names and uses: The species is uniformly known in Fiji as

laumbu, and it is considered a timber tree, often used as posts for houses

and other buildings. In Tonga a local name is jeto'omaka, and the bark

is said to be used for scenting oil.
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Fiji. Viti Levu: Mba: Mt. Evans Range, Greeenwood 1152 (a, bish, k,

uc, us), 1215 (bish, uc, usi; vicinity of Nandarivatu, Mead 1990 (k), Gilles-

pie 3397 (bish, gh, uc), 4401.2 (bish); Sovutawambu, near Nandarivatu, De-
gener 14651 (a, bish, ny); Mt. Tomanivi, Smith 5128 (a, bish, k, ny, us).

Nandronga & Navosa: Fiji Dept. Agr. 14298 (mass, suva); Nausori Highlands,
Fiji Dept. For. 1140 (k, suva), 1141 (k), Fiji Dept. Agr. 15607 (suva), 15631
(mass, suva); southern slopes of Nausori Highlands, in drainage of Namosi
Creek above Tumbenasolo, May 29, 1947. Smith 4573 (A holotype; isotypes at

bish, k, ny, us); near Vanualo Vill tge, £e/ry 81 (suva). Serua: Upper Navua
River. Yunamaravu. Fiji Dept. Agr. 15503 (suva) ; Navutulevu, Fiji Dept. For.

653 (suva); inland from Namboutini, Fiji Dept. For. R-40 (k), 816 (or 592)
(bish, suva), 1127 (k. suva). 1 130 (k. siva i. /Jerry 77 (suva); inland from
Korovou, Nasoqiri 12 (k); inland from \-aloa. F//'i £>e/tf. For. G-iJ (k), 577
(or 50J) (bish, suva), 1137 (k, suvai. m<? (k. suva'). Fiji Dept. Agr. 13778
(bish, suva). Namosi: Between Korombasambasanga Range and Mt. Naitaran-
damu. Smith 8459 (bish, gh, k, ny. suva, uc, us); northern base of Koromba-
sambasanga Range, Smith 8683 (bish, gh, k, ny, suva, uc, us); Saliandrau,
Fiji Dept. Agr. 14244 (suva); Wairoro Creek, Fiji Dept. Agr. 13812 (bish,

suva); Nambukavesi Creek, Damanu NI-26 (k), Fiji Dept. For. 488 (suva).
652 (suva); Wainandoi River. Yaisewa 17 i k). Xaitasiri: Navolau Forest, Fiji

Dept. Agr. 118 (suva); Navuakethe district, Fiji Dept. Agr. 235 (suva), 236
(suva); Waimanu River, Fiji Dept. Agr. 15680 (suva), 15836 (suva); Tholo-i-
suva. Fiji Dept. Agr. 12196 (suva), 14610 (bish, suva), 16490 (bish, mass,
suva); vicinity of Nasinu, Gillespie 3667 (bish, gh, uc, us). Kandavu: Fiji

Dept. Agr. 11938 (suva); Naikorokoro, Fiji Dept. For. 651 (suva). Vanua
Levu: Mathuata: Ndongotuki Tikina, Howard 149 (suva, us); Vunivia River,
Howard 401 (suva). Fiji, without further locality: Fiji Dept. Agr. 684 (suva),
16495 (suva), L.12633 (suva), Bola 4n iki. Howard 65 (suva).

Tonga. Kao: In rocky or open forest, Yuncker 15908 (bish, us), 15955 (bish,
gh, us). 'Eua: Parks 16318 (bish, uc); near center of island, Yuncker 15381

n. uc); east of Pangai, Hurlimann 151

ridge, Hiirlimann 258 (us).

Garcinia myrtijolia, originally described from two 9 specimens, is

now well known from abundant material obtained in Fiji and Tonga. Its

relationship is definitely with G. vitiensis, from which only differences of

degree distinguish it. However, it is usually recognizable even when sterile

by its comparatively large, obtuse, more obviously nerved, and longer-
petiolate leaves. Its flowers and fruits are larger than those of G. vitiensis,

and its androecia are more obvious in the 9 flowers. Staminate flowers
are not yet known for G. vitiensis, but one may anticipate that they also
will show slight androecial differences.

4. Garcinia sessilis (Forst. f.) Seem. Viti, 433. 1862, Fl. Vit. 10. 1865;
Home, A Year in Fiji, 262. 1881; Pierre, Fl. For. Cochinch. 1:

XXVII. 1883; Hemsl. in Jour. Linn. Soc. Bot. 30: 169. 1894; Engl,
in Engl. & Prantl, Nat. Pflanzenfam. ed. 2. 21: 226. 1925; Chris-
tophersen in Bishop Mus. Bull. 128: 149. 1935; Yuncker in op. cit.

220: 189. 1959; J. W. Parham, PI. Fiji Isl. 135. 1964, ed. 2. 195.
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51 and 54 from Yuncker 16118, 52, :

6 inflorescences. X 5; 51. I flower

10; 52. S flower, with 2 sepals and 1

ijewski 564. 50 from Smith 8588.

from Setchell & Parks 15560a.

nd petiole-bases, X 5 ; 50, young
. sepals and 1 petal removed. X
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Clusia sessilis Forst. f. Fl. Ins. Austr. Prodr. 74. 1786.
Garcinia roxburghii sensu Seem, in Bonplandia 9: 254. 1861; non Wight.
Garcinia sp. n. Home, A Year in Fiji, 262. 1881.

Tree to 20 m. high, the branchlets 1-2.5 mm. in diameter toward apex;
petioles slender, 5-20 mm. long, the basal cavity remaining obvious and
sometimes distally cucullate; leaf-blades chartaceous to membranaceous,
infrequently thin-coriaceous, elliptic to ovate- or obovate-elliptic, (4-)
6-15 cm. long, (1.5-) 3-7.5 cm. broad, obtuse to acute at base and de-
current on the petiole, cuspidate to acuminate at apex (tip to 15 mm.
long, obtuse to acute, sometimes slender), entire and narrowly recurved
at margin, often with apparent secretory canals sinuously parallel to the
secondary nerves, the costa shallowly canaliculate to slightly raised above,
prominent beneath, the secondary nerves 1-3 per centimeter, subascending,
prominulous on both sides, irregularly anastomosing toward margin but
not joined by a symmetrical collecting nerve, interconnected by a lax vein-
let-reticulation; inflorescences axillary, often to caducous leaves, glomeru-
late-fasciculate, usually composed of 3-9 flowers arising from an irregu-
larly subglobose or short-cylindric peduncle, this 1-5 mm. long and 1-3
mm. in diameter, the flower-subtending bracts subcoriaceous, ovate or
deltoid, 1-1.5 X 1-2 mm., obtuse, usually paired at base of each flower;
flowers essentially sessile or borne on pedicels rarely as long as 2.5 mm.,
these becoming stout in fruit but remaining inconspicuous, ebracteolate
or sometimes bearing a pair of bracteoles slightly larger than the bracts;
flowers ellipsoid in bud and 3-5 mm. in diameter, at anthesis spreading
to 16 mm. in diameter, the perianth composed of 4 decussate pairs of seg-
ments; calyx cupuliform, the sepals 4, broadly imbricate, chartaceous or
thin-carnose, longitudinally traversed by numerous parallel subsinuous
secretory canals, broadly orbicular or reniform, 1.7-4 X 2-5 mm., round-
ed, entire, persistent in fruit; petals 4, appearing subvalvate in very young
bud but soon becoming marginally imbricate and then broadly imbricate,
centrally thick-carnose, thin-margined, cruciate and spreading at anthesis,
oblong or obovate, 5-8 X 3-6 mm., rounded at apex, obscurely erosulous,
with longitudinal sinuously parallel secretory canals; 6 flowers with a
central androecium 2-3 mm. long, this composed of 7-30 stamens fused
into a carnose subquadrangular stalk 1-2 mm. long and broad, the anthers
sessile or essentially so on apex of androecial stalk, oblong-obovoid. 0.6-
1.2 mm. long, 0.4-0.7 mm. broad, the thecae 2, longitudinal, subequal to

the gynoecium none; $ flowers with a thick-
carnose oblong gynoecium about thesis, the ovary t-llip-

soid-cylindric, the locules (6-) 10-13, the stigma sessile, pulvinate-discoid.

, copiously and conspicuously tuberculate ^
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projections 0.2-0.4 mm. long, marginally irregularly (6-) 10-13-lobed,
the androecium in 9 flowers composed of 4-7 phalanges adherent to the
petals but irregular in respect to them, each phalange 2-3 mm. long and
with 1-4 terminal anthers, these resembling those of S flowers but sterile;

fruits carnose at maturity but drying strongly (6-) 10-13-costate, sub-
globose to ellipsoid, sometimes imperfectly developed and oblique, up to

50 mm. long and broad, surmounted by the persistent stigma, this slightly

accrescent to 4 mm. in diameter, the exocarp thin, the mesocarp carnose
when fresh, drying subcoriaceous, 0.5-1.5 mm. thick, becoming spongy
inward between the (6-) 10-13 pyrenes and there dissipating into air-

chambers, the pyrenes narrowly oblong and laterally compressed or lunate,
up to 30 X 10 X 4 mm., acute to obtuse on the inner edge, obtuse to nar-
rowly rounded dorsally, separated by air-chambers in dried fruits, the
endocarp of each pyrene bony, 0.2-1 mm. thick, usually distinct but some-
times interconnected by lateral protrusions toward the outer edge, the
seeds laterally compressed and lunate, the outer layer of the testa spongy
and resiniferous, compressed by the developing seeds.

Type locality: Tongatapu Island, Tonga; the tvpe material was ob-
tained by the Forsters on Cook's Second Voyage. The bm specimen, cited
below, may be taken as the lectotype.

Distribution: Santa Cruz Islands, Fiji, Tonga, and Samoa; now known
from many collections in Fiji and Tonga, occurring from sea-level to (in

Fiji) 1,150 m., in dense or dry forest, open thickets, and on edges of man-
grove swamps. It has been noted as a tree 4-20 m. high, with a trunk di-

ameter of 30 cm. and with abundant yellowish latex. The petals are pale
yellow and pink-tinged to coral-red or carmine; the ovary and stigma are
green at anthesis; the fruits are yellowish white to red at maturity, the
pyrenes being embedded in white pulp. Flowers and fruits have been'noted
throughout the year in Fiji. The species is known to us from only single

collections in both the Santa Cruz Islands and Samoa. The material from
Vanikoro is sterile, with old glomerulate inflorescences from which the
flowers have fallen, but there seems no reason to doubt its identity or its

indigenousness. The occurrence of Gan inhi u tsilis in the N>lomon Islands
is indicated by Whitmore (1966: 183;. but such specimens have not been
examined. The Samoan collection certainly represents the species and
was obtained from hillside forest near Apia. Because the species is rare
in Samoa, and because of the similarity to Tongan collections in its local

in Samoa: it may have become sparingly naturalized there from a cultivated

introduction.

Local names and uses: The usual names for this taxon in Fiji are

mbuluwai or lauiubu. but also recorded are mbidumangayalewa and data,
the last from Kambara and perhaps reflecting Tongan influence. The spe-
cies is considered a timber tree in Fiji and is used in house construction.
In Tonga the staminate plant is known as heilala and the pistillate as bulu;
the faintly fragrant flowers are there used in necklaces and the leaves are
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said to be used medicinally. Eames reports the Samoan name as seilala

and states that the bark is used medicinally. In both Tonga and Samoa the

flowers are used to scent oil.

Santa Cruz Islands. VANIKORO: Kajewskl 564 (a).

Fiji. Viti Levu: Mba: Mountains near Lautoka, Greenwood 936 (a, bish,

k), 936A (a, bish. k, p) ;
slopes of escarpment north of Nandarivatu, Smith

6268 (a. btsh, k. ny, us); vicinity of Nandarivatu. Parks 20661 (bish, Suva,

uc), Gillespie 4331 (bish, gh. _v Creek, Nandrau track. Ber-

ry 86 (bish, mass, suva). Nandronga & Navosa: North of Komave. St. John
18951 (bish, us). Serua: Between Navua River and Wainiyavu Creek, near

Namuamua, Smith 9020 (bish. gh, k, ny, suva, uc, us); inland from Ngaloa.

Smith 9205, 9411 (both bish. gii. k. ny. suva. uc. us). Fiji Dept. Agr. 14118
(suva). Namosi: Vicinity of \\ linimakutu \\ dnavindrau Creek. Smith 8588
(bish. gh, k, ny. suva. uc, us); vicinity of Namosi. Seemann 51 (bm, gh, k, p);

vicinity of Namuamua, Gillespie 3021 (bish, gh, uc), 3055 (bish, gh, ny, uc,

us). Namosi-Naitasiri boundary: Mt. Naitarandamu. Gillespie 3245 (bish,

uc). Ra: Vicinity of Nasukamai. Gillespie 4w2.3 (bish, gh. uc). Naitasiri:

Vicinity of Viria. Meebold 17065 (k). 18501 (K); Central Road. Tothill 401

(k); vicinity of Nasinu. Gillespie 3636 (bish), 3665 (bish. gh, ny. uc. us).

Ovalau: Lovoni Valley, Home 185 (gh. ki. Fiji Dept. Agr. 13297 (suva).

Vanua Levu: Mathuata: Near Mt. Ndrandramea, Fiji Dept. Agr. 15387 (a,

suvai. Taveuni: Vicinity of Wairiki. Gillespie 4757 (bish, gh, ny. uc). Va-
nua Mbalavu: Northern limestone section. Smith 1482 (bish. gh. k. ny, re.

us). Kambara: On limestone. Smith 1274 (bish. gh, k, ny. uc. us).

Tonga. VAVA'U: Wilder. June 28. 1925 (bish); near Houma, Yuncker 16118
(bish, gh. us). Nomuka: Between sea and central lake, Yuncker 15864 (bish,

us). Tongatapu; /. R. & G. Forster (bm lectotype); Vaikele. experimental
gardens, loose $ and 9 flowers from different plants, Setchell & Parks 15560a
(uc); vicinity of Nukualofa, Setchell & Parks 15178 (ny, uc), 15235 (bish,

gh, uc, us); near Bea, Setchell & Parks 15560 (uc), 15600 (uc); near Haake,
Setchell & Parks 15347 (uc); below Lavagatoga, Yuncker 15177 (bish, us).

'Eua: Near Pangai, Yuncker 15464 (bish, us); plantation area, M'ua. Bristol

1912 (bish). Tonga, without further locality: McKem 33 (bish), 78 (bish).

Samoa. Upolu; Vicinity of Apia, Eames 71 (bish, ny).

The androecium (Figure 54) of Garcinia u tsilis is composed of a cen-

tral stalk bearing sessile or essentially sessile anthers on its summit, the

anthers not being appreciably grouped into four short fascicles. In the

9 flowers, the sterile androecium (Figure 53) is indeed composed of sep-

arate fascicles appressed to the petals, but apparently Pierre's 1883 treat-

ment was based entirely on Seemann 51, a. £ collection. In that treatment
Sect. Tetraclinia was described on the sole basis of G. sessilis. This sec-

tion now seems unnecessary; in Engler's (1925) system G. sessilis seems
in all respects to fall into Sect. Mungotia.

5. Garcinia adinantha A. C. Sm. & S. Darwin, sp. nov. Figures 57-61.

Garcinia sp. n. Home. A Year in Fiji, 262. 1881.

Arbor ad 20 m. alta. ramulis apicem versus 1.5-4 mm. diametro; petiolis

(2-) 7-25 mm. longis, foliorum laminis subcoriaceis vel chartaceis, ellipti-
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59, 6 flower, with 1 petal removed.

ion of fruit, X 2. p = petiole.

cis vel ovato- vel elliptico-lanceolatis, (4-) 7-19 cm. longis, (1.5-) 3-7.5

cm. latis. basi acutis vel attenuatis et in petiolum longe (

breviter cuspidatis (raro late obtusis) vel grada

obtuso. 5-20 mm. longo). integris, canalibus secretoriis manifestis inter

nervos secundarios sinuose parallels interdum ornatis. costa crassa supra

elevata vel plana et interdum vadose canaliculata subtus prominenti. ner-

vis secundariis 1-3 per centimetrum subadscendentibus utrinque prominu-

lis marginem versus irregulariter anastomosantibus rete venularum ob-

scure reticulato immerso vel interdum subtus leviter prominulo intercon-

nexis; inflorescentiis axillaribus vel supra cicatrices foliorum caducorum
enatis. glomerulato-fasciculatis. plerumque 15-40 (raro distalibus 3-7)-

floris. floribus e pedunculo semigloboso cicatricibus florum caducorum ver-

ruculoso orientibus. flore ipso bracteis 2 vel pluribus congestis late del-

toideis 0.5-2 X 1-2 mm. obtusis caducis subtento; floribus subsessilibus

vel pedicellis ebracteolatis 1-1.5 mm. longis et diametro; floribus 6 solum
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visis in alabastro vetere ellipsoideis 4-5 mm. diametro; calyce vadose cu-

puliformi, sepalis 4 decussatis subcarnosis orbicularibus vel late ovatis, 1.5-

2 X 1.5-3 mm., apice rotundatis vel late obtusis, minute erosulis, sub fruc-

tu persistentibus; corollae alabastro inconspicue carinato, petalis 2 car-

nosis valvatis ellipticis 5-6 X 4-5.5 mm. apice rotundatis lateraliter inter

se late adpressis; androecio simplici 1-2.5 mm. longo, staminibus 8-20,

stipite carnoso subtereti 0.6-2 mm. longo basim petalorum adpresso, an-

theris sessilibus subquadrato-ellipsoideis, 0.4-0.7 mm. longis. 0.3-0.5 mm.
latis, thecis 2 longitudinalibus connectivo truncato subaequalibus, gynoecio
nullo; fructibus in vivo carnosis in sicco obtuse 5-8-costatis ellipsoideis

interdum inaequilateralibus, maximis visis ad 35 X 25 mm. stigmate per-

sistenti ornatis, eo sessili discoideo 2-3 mm. diametro conspicue tuberculato
margine 5-8-crenato, endocarpio tenui, mesocarpio in vivo 2-3 mm. crasso

et canalibus resiniferis perducto demum spongioso et in cavernulas aerias

inter pyrenas 5-8 dissipato, pyrenis oblongo-cuneiformibus ad 25 X 10 X

cavernulis aeriis separatis, endocarpio pyrenae omnis corneo 1-4 mm.
"nibus complanato-lunatis, testae strato exteriore spongioso res-

mifero nti compresso.
Type locality: Mt. Kasi, Yanawai River region, Thakaundrove Prov-

ince, Vanua Levu, Fiji; the type is Smith 1827, cited below.

Distribution: Endemic to Fiji and thus far known only from Viti Levu
and Vanua Levu, occurring at elevations of 50-1,050 m. in dense or dry
forest. It has been recorded as a tree 3-20 m. high, with yellow latex; the
young petals vary from salmon-pink to dull red. Flower buds have been
obtained throughout the year, and fruits in April and May.
Local names and use: Names recorded from Vanua Levu are raumba,

mbulu, mbulumanga, and mbulumangayalewa. Like the related Garcinia
sessths, it is considered a useful timber tree.

Fiji Viti Levu: Mba: Nandende Levu, Mt. Evans Range. Fiji Dept. Agr.
14835 (bish, suva)

;
northern portion of Mt. Evans Range, between Mt. Vatu-

yanitu and Mt. Natondra, Smith 4379 (a, bish, k, ny us) Serua- Hills be-
tween Waininggere and Waisese Creeks, between Ngaloa and Wainiyambia.
Smith 9372 (bish, gh, k, ny, suva, uc, us). Namosi: M
lespie 3256 (bisk. gh. m . Fiji Dept. Agr. 14704 (bish,
^aitasiri: \icimty of Xavuso. Fiji Dept. Agr. 12595 (mass, suva); vicinity of
Tamavua, Gillespie 2042 (bish, uc). Rewa: Vicinity of Na Vasi Home 734
(gh, k). Vanua Levu: Mbua : Navotuvotu, summit of Mt Seatura, Smith
1644 (bish, gh, k, ny, uc, us); Tambulotu. Wainunu Vallev, Fiji Dept. Agr.
157,4 (suva); vicinity of Thongea, Wainunu River Fiji Dept. Agr. 15768
(suva), 1577! (bish, suva. us,. Mathi-ata: Vicinitx „. Xasingasinga, Berry
53 (suva), 54 (suva). Thakaundrove: Mt. Kasi. Vanawai River region, May
11, 1934, Smith 1827 (bish holotype; isotypes at gh k ny uc us) Fiji with-
out further locality: Berry 30 (suva).

This new taxon is proposed with a certain amount of diffidence, but we
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Several of the cited specimens bear young & flowers, the most advanced

being those of the type collection. All flowers examined have only two

petals, whereas all flowers of specimens included by us in G. sessilis have

four petals. In G. vitiensis and G. myrtijolia. as noted above, we have in-

cluded in our concepts both 2-petalled and 4-petalled plants, but there the

petals are similarly imbricate in both instances. The two petals of G. adi-

nantha, however, are valvate and with tightly appressed thick margins

(Figure 59), at least in advanced bud. whereas the four petals of G. ses-

silis in a similar stage of development (Figure 51) are already broadly

imbricate and thin-margined. The two taxa have otherwise different facies.

G. adinantha having comparatively thick-textured leaf-blades that tend in

general to be more gradually narrowed at the base and long-decurrent on

the petiole, whereas those of typical G. sessilis are thinner in texture and

less tapering basally. The $ flowers of the new species are the more nu-

merous (Figure 58), usually 15-40 per congested, multibracteate inflo-

rescence, while those of G. sessilis are fewer in number (Figure 50) and

rarely with more than two subtending bracts per flower. On the basis of

the fruits now available there are also differences between the two taxa.

Of G. adinantha, only Smith 1644 and 4379 bear fruits, but several fruit-

ing collections of G. sessilis are available. The fruits of G. sessilis (Figure

56) typically have a mesocarp 0.5-1.5 mm. thick and dry to a sharply 10-

13-costate (rarely 6-costate) form; the 10-13 (rarely as few as 6) pyrenes

have bony endocarps 0.2-1 mm. thick and are obtuse to narrowly rounded

dorsally. The fruits of G. adinantha (Figure 61), in contrast, have a meso-

carp 2-3 mm. thick and dry to an obtusely 5-8-costate form; the 5-8

pyrenes are comparatively broad and rounded on the dorsal face and have

horny endocarps 1-4 mm. thick.

Of the cited collections, Gillespie 2042 and 3256 and Fiji Dept. Agr.

14704 are extreme in their small, short-petiolate leaves with very con-

spicuous secretory canals, but in other respects, including flower buds with

two petals, they agree with the concept here outlined.

Cultivated Species

Garcinia dulcis (Roxb.) Kurz in Jour. Asiat. Soc. Bengal 43(2): 88.

Xanthochymus dulcis Roxb. PL Coromand. 3: 66. t. 270. 1820.

No herbarium record supports the

sian tree, but it has been observed in

Garcinia mangostana L. Sp. PI. 443. 1753; J. W. Parham. PI. Fiji Is!

134. 1964. ed. 2. 192. 1972.

Fiji- Vanua Mbalavu: Lomaloma Botanical Gardens. Fiji Dept. Agr. 1021

The Malesian mangosteen, while not easy to establish outside its nativ

area, was successfully introduced in Fiji in the 1880's and a few trees ar

still to be seen there.
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Garcinia xanthochymus Hook. f. Fl. Brit. Ind. 1: 269. 1874; J. W.
Parham, PI. Fiji Isl. ed. 2. 195. 1972.

Fiji. Vanua Levu: Mathuata: Lambasa, Fiji Dept. Agr. L.J1589 (suva).

Samoa. Without definite locality: Guest 8 (bish).

The sour mangosteen, a native of southeastern Asia, is probably mod-

erately common in cultivation in Fiji.

Mammea americana L. Sp. PI. 512. 1753: J. W. Parham in Agr. J. Dept.

Samoa. Without definit

The American mammcy apple or mammee apple is now widely culti-

vated throughout the tropics as an ornamental tree.

Mesua ferrea L. Sp. PI. 515. 1753.

Fiji. Viti Levu: Naitasiri: Nanduruloulou, Fiji Dept. Agr. 5523 (suva).

This Indo-Malesian tree, with many uses in its native area, was prob-

ably experimentally introduced into Fiji, but it may no longer occur there

in cultivation.

REFERENCES

Engler, A. Guttiferae. In: Engler, A.. & K. Praxtl. Nat. Pflanzenfam. ed. 2.

21: 154-237. 1925.

Kostermans, A. J. G. H. The genera Mammea L. and Ochrocarpos Thou. For.

Serv. Indones., Div. Plann. (Djawatan Kehutanan Indonesia, Bagian Plano-

logi Kehutanan). 9-15. 1956.

. A monograph of the Asiatic and Pacific species of Mammea L. (Gut-

tiferae). Commun. For. Res. Inst. Indones. (Pengumaman Lembaga Pu-

sat Penjelidikan Kehutanan, Indonesia) 72: 1-63. 1961.

Lauterbach, C. Beitrage zur Flora von Papuasien. IX. Die Guttiferen Papua-

siens. Bot. Jahrb. 58: 1-49. 1922.

Merrill, E. D. Ochrocarpos odontitis i Ratinesque i Merrill, a new name for

a much named species, with a new species from Samoa. Jour. Arnold Arb.

26: 93-96. 1945.

Pierre, L. Flore forestiere de la Cochinchine. 5 vols, (and Register) in 26 fas-

cicles, pi. 1-400. 1879-1907.

Planchon, J. E.. & J. Triaxa. Memoire sur la famille des Guttiferes. Ann.

Sci. Nat. IV Bot. 13: 306-376; 14: 226-367; 15: 240-319; 16: 263-308.

1860-62.

Seemaxx, B. Viti: An account of a government mission to the Vitian or Fijian

Islands in the years 1860-61. 447 pp. 1862.

Smith, A. C. Studies of Papuasian plants, III. Jour. Arnold Arb. 22: 343-374.

. Studies of Pacific Island plants. XXVII. The genus Gardenia (Rubia-

ceae) in the Fijian Region. Am. Jour. Bot. 61: 109-128. 1974.

Vesque. J. Epharmosis. sive materiae ad instruendam anatomiam systematis

naturalis. Pars secunda. Genitalia foliaque Garciniearium et Calophyl-

learum. 1-30. tab. I-CLXII. 1889.



4] SMITH & DARWIN. PACIFIC ISLAND PLANTS 263

. Guttiferae. DC. Monogr. Phan. 8: 1-669. 1S93.

itmore. T. C. Guide to the forests of the British Solomon Islands. For.

Record No. 2, For. Dept. Brit. Solomon Islands Protectorate. 208 pp.

Massachu
Massachuseti



OF THE ARNOLD ARBORETUM

P. F. Stevens

In the last ten years quite extensive collections have been made
in the highlands of Papua New Guinea, and these collections have in-

cluded several numbers of the genus Phaleria Jack (Thymelaeaceae). The
few specimens of Phaleria from the highlands known to Ding Hou in his

account of the genus in the Flora Malesiana (Hou 1960a, b) were named
by him as P. coccinea (Gaud.) F. Muell., P. macrocarpa (Scheff.) Boerl.,

P. nisidai Kan., and P. perrottetiana (Decne.) F.-Vill. Highland speci-

mens determined as P. nisidai and P. macrocarpa represent two hither-

to undescribed species, P. okapensis and P. pilistyla, and a third previous-

ly undescribed species, P. longituba, is also represented in these new col-

Phaleria cocc'nici and /'. perrottetiana, the two other species reported

from the highlands, are not common there, although the latter species has

given rise to a local highland race discussed below. However, both these

species, as well as the other six species of Phaleria recognized by Hou
(1960b) as occurring in the area from Malaya to New Guinea, grow in

the lowlands of Papuasia. The identification of some of the lowland spe-

cies is difficult, and it is possible that too many names are being used in

Papuasia for these lowland taxa. Careful collections are needed to assess

the significance of the variation in the characters of inflorescence position

and size, floral tube length and pubescence, and ovary pubescence, all of

which are used to distinguish the species. The three new taxa described

here are, by contrast, very distinct and cannot be confused either with
the other Malesian species or with those from the Fijian area, an impor-
tant center of distribution of the genus (Smith 1942). The island of

New Guinea appears to be another center of the genus, both in the

number of species present and in their diversity.

The new species can be determined easily with little disruption of the

key in Ding Hou's treatment (Hou 1960b). If couplet 5 in that key
is removed. P. nisidai, the species identified in that couplet, and the new
species described in this paper may be keyed out in a series of intro-

ductory couplets as follows.

1. Flowers S-S.5 cm. Innti; lamina 5.2-9 X 2.5-3.2 cm.

owers less than 4.5 cm. long; lamina usually larger.

Anthers included, i. sessile; stigma included.

3. Inflorescences borne on twigs, 2-5-flowered; flowi
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1 bracts 2. ca. 4 X 2 n

i entire length.

P. pilistyla sp.

5. As in lead 1 in Hon i l"!>Ob. p. 16).

Phaleria longituba P. F. Stevens, sp. now
A ceteris speciebus Phalcriai Malesianat in tube ilorali duplo longiore

differt.

Arbor ca. 18 m. alta, trunco recto, cortice griseo. Petiolus 5-6 mm.
longus; lamina elliptica vel plus minusve obovalis, 5.2-9 X 2.5-3.5 cm.,

apice acuminata (acumine usque ad 1.5 cm. longo), basi acuta, glabra, te-

nuiter coriacea. costa supra plus minusve plana, infra elevata. venatione

brochidodroma, nervis lateralibus 6-9-jugis. rete venularum supra incon-

spicuo, infra elevato. Inflorescentiae capitatae terminales vel in axillis

summis crescentes; pedunculus 0.7-1.7 cm. longus 5-9 fiores gerens. basi

bracteis paucis parvis decussatis praeditus; bracteae involucrales non

cognitae. Flos fragrans, 8-8.5 cm. longus. tubo florali apicem versus ali-

quantum dilatato. apice 3.5-4 mm. in diametro, glabro vel intus pilis per-

paucis praedito, rubro-albo. lobis calycibus 4. patentibus, 7-8 X 5-6.5

mm., apicibus rotundatis, intus pilis brevibus praeditis; squamae petalae

obscurae; stamina 8 leviter exserta antheris 1-1.6 mm. longis; stamina an-

tisepala ad orificium tubi inserta cum filamentis ca. 2.8-3.5 mm. longis;

stamina alternisepala 4.5-5.5 mm. infra orificium tubi inserta cum fila-

mentis 6-8 mm. longis; ovarium ca. 1.3 mm. longum. glabrum. disco ca.

1 mm. alto margine fimbriate; stylus 7-7.5 cm. longus. glaber; stigma

Type: Papua New Guinea, Western Highlands District. Kuna. ca. 2135

m., 17.V.1966, NGF 27699 coll. Streimann & Kairo (holotype lae: iso-

types a, canb, nsw; further duplicates sent from lae to l, k, bo. bri,

sing. pxh. and bish).

The length of the floral tube, together with the small, prominently acu-

minate lamina, makes Phaleria longituba a very easily recognized species:

other Malesian species of Phaleria have floral tubes less than 4.5 cm.

long. P. longituba is perhaps closest to P. acuminata (A. Gray) Gilg, from

Samoa, Tonga, and Fiji, but the floral tube in the latter species is pubes-

cent within and less than 6 cm. long; the ovary and style base usually

have long hairs.

The type of Phaleria longituba was collected in Xothofagus-dominated
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floris, lobis calycibus erectis, et staminibus styloque non exsertis differt.

Frutex usque ad 3 m. altus. Petiolus 4-6 mm. longus; lamina oblan-
ceolata vel obovata, raro plus minusve elliptica, 7-15.5 X 1.5-5.7 cm.,
apices acuminata, basi acuta vel decurrenti, glabra, subchartacea, costa
supra plana vel leviter elevata infra elevata, venatione brochidodroma,
nervis lateralibus 6-11-jugis, rete venularum utrinque elevato. Inflores-
centiae capitatae (interdum 2 vel 3 simul) ex axillis infimis foliatis vel
in axillis defoliatis crescentes; pedunculus 0.5-3.5 mm. longus 2-5 flores
gerens, basi bracteis parvis decussatis praeditus; bracteae involucrales 4
vel 5, plus minusve obovatae, ca. 3 mm. longae, caducae. Flos 1.6-2.4
cm. longus, tubo florali infundibulari apice 4-6 mm. in diametro albo intus
roseo, glabra, lobis calycibus 4, raro 5, erectis, 3-5 X 3-4 mm., apicibus
rotundatis, intus indumento denso puberulo praeditis; stamina 8, raro 10,
ad orificium tubi inserta (stamina alternisepala 0.5-1 mm. infra stamina
antisepala inserta), filamentis 0.5-1 mm. longis, antheris 0.5-1.1 mm.
longis; ovarium ca. 1.3 mm. longum, glabrum, disco ca. 0.5 mm. alto mar-
gine fimbriate; stylus 1.2-1.9 cm. longus, glaber; stigma capitatum 0.5-
1 mm. longum. Fructus ruber, subsphaericus (in spiritu servatus), 1.5 X
1.5 cm., apice mucronatus, pericarpio tenui, seminibus duobus.
Type: Papua New Guinea, Eastern Highlands District, near Waisa,

ca. 24 km. SW of Okapa, 1525 m., 25.xi.1964, Hartley 13119 (holotype
lae, isotype a).

Additional specimens seen. Papua New Guinea. Eastern Highlands: base
of Kratke Range ca. 19 km. S of Aiyura, ca. 1830 m., Hartley 12173 (a, lae);
Kim Creek, NE of Mt. Michael, 1980 m.. NGF 11389 coll. Womersley (lae);
near Okapa Patrol Post, 1980 m., NGF 9564 coll. White (lae;; near Okapa, ca.
1830 m., Hornabrook 41 (lae); Okapa Road, 1920 m., Robbins 954 (canb, lae);
behind village of Nemuka, near Kainantu, Sayers 178 (canb); 16 km. SE of
Obura, 2104 m., Hays 82 (lae); ibid., 1954 m., Hays 282 (lae); limestone near
Lnuave, Anonymous (lae).

Phaleria okapensis has ramiflorous inflorescences like those of P. macro-
carpa (Scheff.) Boerl. but is otherwise very different from that species:
it has monomorphic flowers with erect calyx lobes (in P. macrocarpa the
flowers are heteromorphic and the calyx lobes are reflexed) and small
fruits (the fruits of P. macrocarpa are at least 3 X 3 cm. and the peri-
carp is thick). NGF 9564 was cited under P. macrocarpa by Hou (1960b),
but its inclusion in that species may have been an error- see the discus-
sion under P. pilistyla.

The collection cited above made from "limestone near Chuave" con-
sists of material preserved in spirit, viz. inflorescences with fully opened
flowers on twigs and a single fruit also attached to a twig. The descrip-
tion of the fruit was made from this collection
The leaves of Hartley 12173 were tested for alkaloids but gave no re-

^V*! the
„ 7

field test used (Hartley et al. 1973). This specimen was
identified as Phaleria sogerensis S. Moore. P. okapensis differs from P. soge-
rensts m its inflorescences that are borne on the twigs rather than terminally



1974] STEVENS, THREE NEW SPECIES OF PHALERIA 267

or in the upper leaf axils; in its erect, rather than reflexed, calyx lobes; and

in its included, rather than exserted. anthers and stigma.

Phaleria perrottetiana (Decne.) F.-Vill.

A group of specimens collected at 1400 to 1675 meters altitude in the

Bulolo-Wau-Aseki area of the Morobe District, Papua New Guinea, al-

though close to P. perrottetiana, may eventually deserve formal taxonomic

recognition. NGF S364. from Skindewai on the Wau to Mabo road, was

determined as P. perrottetiana by Ding Hou (1960a), but both it and

the other specimens cited here differ from that species in having inflo-

rescences with fewer than ten flowers; these flowers are densely pubescent

outside. The other specimens are XGF 39057, 39064, 47751, and 47674.

Phaleria pilistyla P. F. Stevens, sp. nov.

A ceteris speciebus Phaleriae Malcsiamic in stylo cum pilis parvis pro

tota longitudine praedito differt.

Frutex erectus vel arborescens vel arbor parva usque ad 8 m. alta, cor-

tice brunneo pustulis praedito. Petiolus 5-7 mm. longus; lamina ovata,

(2-) 4-8 X (0.9-) 2-3.5 cm., apice acuta vel acuminata, basi acuta vel

rotundata, glabra, subcoriacea, costa supra plana vel leviter elevata infra

elevata, venatione brochidodroma. nervis lateralibus 4-8-jugis. rete venu-

larum utrinque obscuro vel leviter elevato. Inflorescentiae capitatae ter-

minates vel in axillis summis raro inferioribus crescentes; pedunculus 0.6-

1.3 cm. longus, basi (raro secus pedunculum) bracteis parvis decussatis

praeditus, interdum bracteis duabus usque ad 2 mm. longis medio pedun-

culi ortis, 9-20 flores gerens; bracteae involucrales plerumque 2, ovatae,

ca. 4 X 2 mm., caducae. Flos 2.5-2.8 cm. longus. tubo florali roseo apice

ca. 2 mm. in diametro, extus glabro. intus indumento puberulo praedito.

lobis calycibus 4, patentibus vel recurvatis. intus albis et cum indumento

puberulo praeditis; stamina 8, inclusa. antheris ovoideis ca. 0.7 mm.

0.5 mm. longis; stamina alternisepala ca. 3 mm. infra orificium tubi in-

serta cum filamentis ca. 1 mm. longis; ovarium 1-1.5 mm. longum apice

puberulum, disco ca. 0.7 mm. alto margine fimbriato; stylus 1.4-1.6 cm.

longus pilis parvis densis praeditus; stigma clavatum 2-3 mm. longum.

Fructus niger, subsphaericus, ca. 1.4 X 1.2 cm., apice basique acutus.

pericarpio tenui ca. 0.5 mm. crasso. seminibus duobus.

Type: Papua New Guinea. Eastern Highlands District, Goroka Sub-

district, Fatima River bank. 2350 m.. 28.V.1965. NGF 22581 coll. Millar

(holotype lae, isotype canb, further duplicates sent from lae to l. a. k.
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bins 3227 (canb). Eastern Highlands: Fatima River, Marafunga, 2350 m.,

NGF 24557 coll. Womersley (a, lae); ibid., 2340 m., NGF 40637 coll. Millar

(lae); Mt. Wilhelm, ca. 2600 m., Borgmann 293 (lae).

Phaleria pilistyla has been confused with P. nisidai Kan. (NGF 9564

& 11317 , see Hou, 1960a, b) from which it may be distinguished by its

often relatively broader lamina, its inflorescence with more numerous
flowers (there are less than twelve flowers per inflorescence in P. nisidai),

its fewer and smaller involucral bracts, and also by its style that has short

hairs along its entire length. Those species of Phaleria with hairy styles

have longer hairs only at the very base. P. pilistyla also has 4-merous
flowers and a clavate stigma, while P. nisidai has flowers predominantly
5-merous and a capitate stigma only ca. 1 mm. long.

Pronounced transverse cracks develop on older twigs of P. pilistyla.

Similar cracks occur on twigs of other members of the Thymelaeaceae, e.g.,

Phaleria capitata Jack, Wikstroemia indica (L.) C. A. Mey, and W.
venosa Merr. & Perry.

The field label of ANU 2334 records that the bark was used as a source
of fiber, presumably for the Enga people, and was used with Eleocharis
(E. dulcis (Burm. f.) Henschel is probably the species involved) in the

manufacture of "grass" skirts. The Enga name given for Phaleria pili-

styla is"Worapi."
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BREEDING MECHANISMS IN TREES NATIVE TO TROPICAL
FLORIDA — A MORPHOLOGICAL ASSESSMENT *

P. B. TOMLINSON

Some recent discussion of probable speciation processes in tropical
rain forest trees has centered on breeding mechanisms (Fedorov, 1966;
Ashton, 1969) and has served to draw attention to our ignorance of the
topic. There are no extended observations on breeding mechanisms in

a wide range of tropical trees, so the subject has been discussed largely
at a hypothetical level. One assumption is that since individuals of the
same species tend to be widely separated in tropical rain forests, self-

fertilization (autogamy) must be the rule (Federov, 1966). Ashton (1969).
on the other hand, on the basis of observation suggests that outcrossing
(xenogamy) is the rule. An extended assessment by Bawa (1973), based
on controlled pollinations in a lowland semideciduous forest in Costa
Rica, demonstrates a high degree of outcrossing, chiefly on the basis of a
high incidence (52 per cent) of self-incompatible species. Bawa estimates
that at least 75 per cent of the species have an obligate xenogamous mode
of reproduction. Whether it is safe to regard these results as typical
of other communities is uncertain, but they indicate interesting trends.
In this context also, the ability of some bees to travel long distances in

tropical environments (Janzen, 1971) is suggestive of an agent assisting

outcrossing, although experimental evidence that bees cover these dis-

tances in transferring pollen has not yet been provided, nor is it likely to
be done easily.

Bawa provides a lengthy discussion of the kinds of problems encoun-
tered in work of this sort. Since it is necessary to make extended obser-
vations on sizable populations of a great variety of tree species in natural
environments, progress is likely to be slow. In this sense Bawa's observa-
tions represent only a pioneering venture. The practical importance of
this type of work is not in doubt. For example, cultivation of avocado
(Persea americana) is scarcely possible without a knowledge of its com-
plex pollination mechanism, one of the few examples of the breeding
mechanisms of a tropical tree which has been studied in detail. The floral

mechanism of avocado is outlined by Wood (1958, p. 331) and involves

dianthesis, that is, two periods of opening on successive days with an
intermediate period when the flower is closed. The stage of flower de-

velopment is synchronous throughout a single tree. Two types of tree.

"A" and "B," are recognized whose periods of flowering are staggered
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so that cross-pollination is possible. Flowers are protogynous ; in type

"A" the stigmas are receptive on the morning of the first day, the flowers

close in the afternoon to re-open on the afternoon of the second day; in

type "B" the carpellate stage is in the afternoon of the first day, the

staminate phase is in the morning of the second day. Avocado cultivation

requires that cultivars in one orchard should be of both "A" and "B"
type in order to permit fruit set.

The present account represents only a superficial and elementary con-

tribution to this field, using a part of the native woody flora of South

Florida. It is a preliminary assessment of kinds of breeding mechanisms
of the trees of this area, based solely on floral morphology and without

the complementary experiments that Bawa (1973) demonstrates are. es-

sential for a more reliable analysis. However, since I am unlikely to have

the opportunity to extend this study in the required direction, the infor-

mation is presented with the hope that botanists in South Florida will

continue the work. Although South Florida is wholly extratropical, this

study is relevant to students of tropical biology because the species rep-

resented are predominantly West Indian or circum-Caribbean in their

distribution, are within their natural range, and grow in natural habitats.

The uniqueness of this tree flora in the continental United States has been

emphasized previously (e.g., Sargent, 1905); it represents an outlier of

tropical vegetation surrounded by, and to a certain extent penetrated

by, temperate tree-species of the flora of the eastern United States. Never-
theless the biological potential of this area for extended investigation goes

largely unrecognized by American scientists.

Quite elementary observations are still to be made on this flora. The
existence of dioecism in the genus Coccoloba (150 species, Polygonaceae)
was not recognized clearly until described by Howard (1949) in West
Indian species. Previously Lindau, a monographer of the genus, had, in

ignorance of the dioecious condition in certain dried collections, based

separate species on staminate and carpellate flowers of what is now
known to be a single species. Two species of Coccoloba (C. diversifolia

and C. uvifera) are native to South Florida, and quite casual observation

demonstrates the essentially dioecious condition readily, albeit with the

recognition that there is some additional polymorphism which requires

further study.

The existence of monoecism in the commercially valuable West Indian

mahogany (Swietenia mahagom) seems not to have been recognized gen-

erally until described by Lee (1967) from specimens cultivated in Taiwan.
Previously Swietenia had been described as having perfect flowers. Swie-

tenia mahagoni, native in South Florida, shows monoecism clearly, in con-

firmation of the earlier record. The implication of this simple observation
in an understanding of the breeding mechanism of Swietenia is significant,

although the functions of the two kinds of flowers in the pollination

"strategy" are (as in most monoecious species) not clear. The special

case of Swietenia is only one example in the Meliaceae. a family which
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now seems to be generally diclinous, although this fact again was not

generally recognized until 1963 (see Styles. 1972).

Dioecism in populations of Cithanxylum iruticosum native to South

Florida was first described by Tomlinson and Fawcett (1972). and it is

possible that again we have a large genus in which dioecism is more

widespread than has hitherto been appreciated (Arechavaleta, 1902; Tom-
linson, 1973).

Other examples of floral polymorphism which have been previously

overlooked or neglected are described in this article. Undoubtedly yet

others will be brought to light. These examples serve to demonstrate the

value of the woody flora of South Florida as a potential source of in-

formation about growth characteristics of tropical trees, which is of gen-

eral value to biologists (cf. also Gill & Tomlinson, 1971; Tomlinson &
Craighead, 1972).

The woody flora of South Florida

The area considered is that covered by Long and Lakela's "Flora"

(1971), including the Florida Keys. South Florida south of Lake Okee-

chobee, plus a coastal strip on each side of the peninsula whose limits

correspond approximately to the 50° F. January isotherm (Tomlinson &
Craighead. 1972). Treating this woody flora in a somewhat general sense

to include a number of low shrubs which only exceptionally reach any

marked stature, I include 114 species. The great majority of these (98)

can be described as "tropical," since they represent species with a wider

distribution in tropical America, but are. in South Florida, at the northern

limit of their range. The remaining 16 species are. in contrast, "temperate."

with a wider range in the eastern United States, so that in South Florida

they are almost at their southern limit. These northern species are indi-

cated bv the letter N in subsequent lists.

METHODS

Observations have been made on fresh specimens collected mainly in the

wild at flowering times, supplemented by collections from trees in cultiva-

tion (mainly at Fairchild Tropical Garden). No attempt has been made

to establish the incidence of self-incompatibility by experimental proce-

dures. Dissections of fresh flowers have been examined under a Wild

M-5 stereomicroscope. Representative black-and-white illustrations of

all species in the flora have been made to form the basis of a more ex-

tended publication. The illustrations which accompany the present article

are. however, original.

RESULTS

pecies that show dioec

t flowers (monocliny).
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some instances the distinction is not absolute, and one group of species is

best discussed under the separate category of polymorphic flowers, since

perfect and imperfect flowers are found on the same tree. Within the

general group of species with perfect flowers morphological or functional

subcategories can be recognized, notably heterostyly and dichogamy,
where there is strong indication of an outcrossing mechanism.

Within each group certain species are discussed in greater detail to

supplement or substantiate the categorization. It is appreciated that my
observations are based only on limited samples and may be incorrect when
larger populations are sampled both within South Florida and elsewhere.

It seems evident, as for example with Acer mbrum, that there can be dif-

ferences in breeding mechanisms in different parts of the range of one

Species dioecious (with separate staminate x and carpellate l
flc

ers, each kind of flower restricted to a particular individual;

separate staminate and carpellate trees).

Alvaradoa amorphoides * Gyminda latifolia
Baccharis glomeruliflora * N Ilex cassine

Casasia clusiifolia (Figure 2) Laguncularia racemosa *

ClTHAREXYLUM 1

Clusia rose

COCCOLOBA ]

COCCOLOBA

1

DlOSPYROS \

Drypetes d

Drypetes l

Exothea pa

forestiera

Fraxinus ca

* Probably win

SlMAROUBA i

Zanthoxyl

Most of the species in this list show evident dioecism, although i

the distinction between staminate and carpellate flowers has beer
looked until recently. Coccoloba species have already been men
Representative staminate and carpellate flowers of Coccoloba uvift

shown in Figure 1. The dioecious condition in Casasia clusiifolia (

ceae) is not usually recognized, since staminate flowers may have ;

well-developed ovary (Figure 2). The distinction between staminai
(without fruit) and carpellate trees (with fruit) in the field seem:
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lute. Furthermore, staminate flowers are borne in groups; carpellate flow-

ers are solitary and usually larger.

The dioecious condition in Citharcxylum jmticosum is described by
Tomlinson and Fawcett (1972).

Clusia rosea (Guttiferae) represents a peculiar situation. I have seen

no staminate flowers, and trees (mainly in cultivation) seem to be wholly

carpellate, their flowers being without functional stamens. Nevertheless,

the tree produces fruit with viable seeds by which it can be propagated.

Presumably we are dealing here with an example of apomixis. although

this needs to be verified. Some circumstantial evidence for apomixis is

the observation by Dr. C. E. Wood. Jr. (pers. comm.) that Clusia

rosea is polyembryonic.
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For some species in this list there are records of perfect flowers, as in

Conocarpus and Simarouba, but in my experience staminate and carpellate

flowers and trees are quite distinct. In some trees of Laguncularia the

carpellate flowers may well have functional stamens, but this has not

been verified.

The correlation between dioecism and wind-pollination will be com-
mented upon later.

Acer rubrum (Aceraceae) is included unequivocally in this category.

In much of its range Acer rubrum is regarded as dioecious (Dr. C. E.

Wood, Jr., pers. comm.), but in South Florida I have seen flowers as

different as those illustrated in Figure 3 on one individual. There is

nevertheless a strong tendency toward the development of flowers which
appear to be perfect. However, though well-developed stamens may seem-
ingly be formed, one cannot be too sure that their pollen is functional.

In view of the proven demonstration of physiological races in Acer ru-

brum (Perry & Wang Chi Wu,1960), it would be unwise to generalize

about its floral mechanism on the basis of a limited sample from one lo-

cality. This description of polymorphic flowers applies equally well to

the two sapindaceous representatives, Hypelate (e.g., Figure 4) and Sa-

pindus, which tend toward the polygamous condition of the Sapindaceae
generally, often producing perfect as well as staminate and carpellate

flowers. Cupania glabra, in the same family, is monoecious, but dioecism
may be suggested where flowers of one sex predominate. Further field

study might indicate that Hypelate and Saphulus would be better included
in the polymorphic group where I have included two other members of

the family (p. 281). Trema (Ulmaceae) also requires further extended
observation. Trees are dioecious superficially, since they bear a pre-

ponderance of one flower type at a particular time and some trees seem
to fruit more heavily than others. Incipient dioecism seems to exist here.

The remaining examples are more familiar and clear cut. The situation

with regard to Swietenia has been described in the introduction, and rep-

resentative staminate and carpellate flowers are illustrated in Figure 5.

The special case of monoecism in Ficus is discussed separately (p. 283).



1974] TOMLINSON, BREEDING MECHANISMS IN TREES 275

%3
$k
,C C 3 "P Acer rulV

Monoecious

HypcUte trifoliaTa

"Yg!

r»<

Arairo -monoecious

Figures 3-6. Exam
section: v

late Mower to the right e trifoliata, X 6. carpellate flower to t

flower to the ridit: 5. Swietenia mahagoni, < S. carpellate fl

linate flower to the ridit: 6. Prunus myrtifolia, X 6, st

Flower to the right.



276 JOURNAL OF THE ARNOLD ARBORETUM [vol. 55

3. Species with perfect (hermaphrodite) flowers (all flowers and
individuals apparently with functional stamens and ovaries).

Eugenia foetida

Exostem/
Gossypiui

Hamelia
Hibiscus

Jacquini

Amyris elemifera

urreria succulenta

BUMELIA (DlPHOLIS) SALICIFOLIA

Byrsonima lucida

Calyptranthes pallens
Calyptranthes zuzygium
Canella alba (= winterana)
Capparis cynophallophora
Capparis flexuosa
Cassia bahamensis
Cephalanti
Chiococca a

Chrysophyllu:
Colubrina arborescens
COLUBRINA CUBENSIS
Colubrina elliptica

Crossopetalum rhacom,

El . H

Mastichodendron I

Solanu

mth Florida), the terminal

The native South Florida

Despite the common character of perfect flowers, this group evidently
includes a heterogeneous assemblage in terms of possible breeding mech-
anisms. Outbreeding is suggested in a number of examples by several
sorts of dichogamy, with both protandry and protogyny evident in differ-

ent species. Known examples where dichogamy is pronounced are listed
and discussed briefly below. Field studies in other species with herma-
phrodite flowers may reveal additional examples. Dichogamy itself, of
course, only prevents self-pollination within individual flowers, not be-
tween the flowers of a whole plant.
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stigmas of the flower ma-

ring first).

3a. Species showing dichogamy (anthers and
turing at different times),

(i) Protandry (sta:

Chrysophyllum oliv

Crossopetalum rhacoma

Jacquinia keyensis (Theophrastaceae) shows pronounced protandry
(Figure 7). In the early "male" phase, when the flower first opens, the

time the anthers de-

from the stigma of

ens bend away from

in which the stigma is completely enclosed. At
hisce extrorsely so that pollen is displayed rer

the same flower. In the later "female" phase the
the stigma which is so exposed. The s

by Janzen (1970) for Jacquinia pungens. In Solanum bahamense the

stamens are aggregated to form a conspicuous column. Dehiscence, which
is by pores, occurs while the style is short and still included within the

staminal column. Subsequently the stigma is exserted by late elongation

of the style. The close juxtaposition of stigma and anther pores is such
that self-pollination is likely (Figure 8). In Chrysophyllum and Crosso-

petalum protandry is evident because the stigmas do not diverge until
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well after the stamens have dehisced. Chrysophyllum (Sapotaceae) has

a very simple flower structure and should be contrasted with the com-

plex protogynous sapotaceous flowers described below.

(ii) Protogyny (stigmas maturing first).

Ardisia escallonioides (Figure 11) Maxilkara bahamensis

AviCEXXIA GERMINANS NECTAXDRA CORIACEA

BUMELIA SALIC'IFOLIA ( FIGURE 10) PERSEA BORBOXIA

Ficrs AURFA Tetrazygia bicolor

The flowers of Ardisia escallonioides (Myrsinaceae) suggest a mech-

anism for promoting outcrossing that may occur in other unrelated trees

in South Florida with similar general floral structure (Figure 11). Be-

fore the flower is fully opened the corolla lobes are rolled together to

form a tube. The tip of the style protrudes through this tube and is ap-

parently receptive; therefore, functionally the flower is carpellate. Sub-

sequently the flower opens and pollen is presented; it is not known if the

stigma continues to be receptive in this later stage. Sophora tomentosa

seems to be essentially of this type. Sophora flowers are relatively un-

specialized in the Faboideae (having free stamens), and their pollination

mechanism seems also unspecialized compared with that of many other

The Sapotaceae in South Florida show a wide range of floral mechanisms.

Floral structure in some species is complicated by the existence of one

or more kinds of scales on the corolla tube (either staminodes or stamen

appendages). The morphology of these scales has been much discussed,

but their function has been little considered. Bumelia (Dipholis) salicijolia

is protogynous and the early carpellate phase is represented by Figure 10

(left), with the style protruding through the mouth of the yet unex-

panded corolla tube. (This should not be confused with the late stage

when the corolla has fallen and the style persists on the young fruit en-

closed by the calyx.) Subsequently the corolla expands (Figure 10, right),

but the scales bend over to form a canopy which would seem to prevent

access of pollen to the stigma. Self-pollination is further minimized be-

cause the anthers dehisce extrorsely.

Manilkara bahamensis (Sapotaceae) is clearly protogynous, and its

flowers behave much as those of Bumelia alii ifolia, with the long style

protruding from the flower essentially before it is open. This is suc-

ceeded by a staminate phase when the flower opens widely and the stamens

dehisce.

Protogyny in Lauraceae is likely to be complex in view of the known
situation in avocado, as outlined earlier. Both common native species of

Xectandra and Persea have essentially the same floral structure as Persea

americana and are evidently protogynous, with the carpellate phase (stig-

ma erect - receptive ; stamens depressed - undehisced) followed by one
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or two staminate phases (stigma shrivelled; stamens erect and dehisced

via pores). There may be two distinct staminate phases, with the inner

series of stamens dehiscing before the 2 outer series. Wood (1958; p.

331) has observed the same precise method of dianthesis in Persea bor-

bonia (near Brooksville. Hernando County) as has been described for P.

amerkana. In South Florida the mechanism seems less precise, as flowers

at both staminate and carpellate phases have been observed on a single

tree. However, the mechanism is known to be influenced by the weather,

and detailed observation is needed.

Annona glabra and Magnolia virginiana (Magnoliaceae) are both clear-

ly protogynous, a feature common in the magnolialian families (Wood,

1958).

Canella alba (Canellaceae) shows the protogynous condition very clear-

ly. When the flower first opens, the stamens, which form a continuous

cylinder, remain undehisced while the stigma protrudes and is receptive

(Figure 9, left). Later the stigma shrivels and is retracted while the
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anthers dehisce extrorsely (Figure 10, right). Since the pollen, when re-

leased, is conspicuous on the stamen cylinder, the distinction between

the early (carpellate) and the later (staminate) phase is easily recognized.

Protogyny in Avicennia and Tetrazygia is less obvious but seems distinct.

The complex protogyny of Ficus is described in detail later (p. 283).

3b. Species with dimorphic (heterostylous) flowers (only one kind of

flower on a particular individual).

CORDIA SEBESTENA (FIGURE 14) PSYCHOTRIA UNDATA (FIGURE 13)

(Figure 12)

These species all represent clear-cut examples of morphological flower

dimorphism, but it is not known if this dimorphism is correlated with

self-incompatibility.

Schoepfia chrysophylloides (Olacaceae) provides a clear-cut example

of heterostyly (Figure 12). Previous descriptions of this species in South

HeterosEyly

f-L£42

w
ckrysojykyVioidc3

fig, 13

%«
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Florida have not recorded it as heterostylous and, indeed, heterostyly was

not recorded for the family Olacaceae by Vuilleumier (1967). However.

Adams (1972) records heterostyly in Schoepfia chrysophylloidcs in Ja-

maica, which suggests that it is a feature of the species throughout its

range.

Psychotria in South Florida shows heterostyly of the classical type.

which is well known in the genus and in other members of the Rubia-

ceae. Here the floral dimorphism is always clear cut (e.g., Figure 13).

In some other Rubiaceae in South Florida flowers are polymorphic, sug-

gesting incipient heterostyly. These examples are included in the next

category.

Heterostyly is known in species of Cordia (Vuilleumier, 1967). Its

existence in populations of Cordia scbestena may account for the low

fruit set of this species, which tends to occur infrequently and as isolated

individuals. Distinct "pin" (long-styled) and "thrum" (short-styled)

forms are here illustrated (Figure 14), but there is some variation in

style length among individual trees of the same flower type.

4. Species with polymorphic flowers, including polygamo-monoe-

cious or -dioecious (usually more than one kind of flower occurring on

a single individual).

BURSERA SIMARUBA (FIGURE 16) MAYTENUS PHYLLANTHOIDES

DODONAEA VISC0SA MYI

This is a rather artificial category, in which various kinds of floral va-

Species listed in other categories but which show some degree of morpho-

logical variation might well be included in this list, such as Acer rubrum

and especially other members of the Sapindaceae, a family in which

floral polymorphism is well known (Radlkofer, 1933). The inclusion in

this category of the South Florida members of the family (Dodonaea.

Exothea) is undoubtedly quite arbitrary and further field study is needed.

The significance of such polymorphism in pollination and breeding me-

chanisms is not known.
Bursera simaruba (Burseraceae) is similar. Staminate and carpellate

flowers are illustrated in Figure 16. The species is usually described as

dioecious. However, I have seen no trees which seem incapable of form-

inc fruit as would be the case if there were staminate trees. This might

reflect the limited size of my sample, since Dr. K. J. Bawa has informed

me of fruitless trees of Bursera simaruba in Costa Rica. Perfect flowers

can be found. Dr. Carroll E. Wood. Jr., has made observations which

suggest that there are at least staminate and carpellate inflorescences, but

show mouth of corolla 1
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that each staminate inflorescence usually has one perfect flower. The
deserves more critical study.

Maytenus phyllanthoides (Celastraceae) has essentially perfect flowers
in South Florida, but by abortion unisexual flowers are commonly pro-
duced on a single individual. It is commonly described as either monoe-
cious or dioecious (Brizicky, 1964). The distribution and function of
these flowers require further study.
The two rubiaceous species in the above list are polymorphic but not

heterostylous. In Randia aculeata dioecism seems to predominate, since

single plant are chiefly unisexual by abortion (Figikf 15.

but the details of distribution of different flower types re-
left and ]

nknown. Flowers which possibly are perfect these include
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apparently functional 5

ovules (Figure 15, ce

known. In Guettarda scabra most of the variation is in the length of the

style, without any obvious variation in the structure of the ovary (Fig-

ure 17). As illustrated, this variation might suggest different stages in

the elongation of the style, but style length is constant for an individual

flower. Number of floral parts also varies widely with whorls of four to

eight members.

Myrsinc floridana (Rapanea guiancnsis sensu most authors) resembles

Randia in that it seems to be essentially dioecious, but apparently perfect

flowers can occur. The dioecious state is best demonstrated by the ob-

servation that trees are either heavy fruit bearers, or not, but the distinc-

Prunus myrtifolia (Rosaceae) represents a species which is easy to

categorize, since it is essentially andromonoecious (Figure 6) with sep-

arate perfect and staminate flowers on the same tree and indeed in the

same spike. The basal flowers of one spike are staminate and the distal

ones perfect: consequently fruits always appear toward the ends of the

inflorescences.

The special pollination mechanism of Ficus species native to
Florida (Figures 18 and 19).

The genera] complexity of pollination in Ficus is well known, and the

distinctive symbiosis with species of wasps has been investigated in some
detail. However, Ficus is one of the largest genera of flowering plants

and the variations on the basic theme are many. Galil and Eisikowitch

(1968) have most recently described the special mechanism in certain

African species which seems to correspond to that in the two species of

Ficus native to South Florida, F. aurea and F. citrifolia. The process is

apparently the same in both species, but since different species of wasps
are associated with each Ficus species (Galil, pers. comm.), there is no

hybridization between them. The following account refers to F. citrifolia:

F. aurea seems to be the same and is not described further. The general

structure of the fig inflorescence and details of the flowers are shown in

Figure IS. The mechanism is represented diagrammatically in Figure

19, with illustrations of male and female wasps.

The young figs (syconia) originate in pairs in the axil of a leaf on the

new growth and always with a vegetative bud between them (Figure

18a-b). They develop within the terminal bud and are exposed by the

fall of the surrounding stipules. The flowers are each subtended by a

narrow bract and scattered without apparent order over the inner surface

of the fig (Figure 18c). Carpellate flowers are either long-stalked with

a short style or short-stalked with a long style in such a way that the

feathery, unequal two-lobed stigmas of flowers are all at the same height

(Figure 19a). The staminate flower consists of a single anther (Figure

18d). All flowers are at first enclosed in a membranaceous "perianth."

which is ruptured as the flower enlarges (Figure 18d. right). Carpellate
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Ttcu5 cilrifclia

_ vegetative

at stage with grubs hatching,

ages, oldest flower (lower rig

flowers function much earlier than staminate flowers in a way which is

closely related to the method of pollination.

Female flowers expand their stigmas within the young green fig. At this

stage winged female wasps {Blastophaga sp.), bearing fertile eggs, fly to

the figs, which they penetrate via scales at the mouth that loosen slightly

(Figure 19a). It is not known what attracts the wasps to a fig, but a

chemical substance is probably involved. To enter a fig is a difficult task

for such a small insect and the wasp usually loses its wings (and even its

antennae) in wriggling between the scales. The remains of wasp wings
among the scales will indicate that a young fig contains wasps. Once in-



1974] TOMLINSON, BREEDING MECHANISMS IN TREES 285

side the fig the female wasp serves her own ends by laying fertile eggs
within the female fig flowers by inserting her ovipositor down the style of

the flower. At the same time she actively pollinates the flower, transferring

pollen to each stigma as she lays an egg. The pollen is carried in a pair

of small pollen sacs, one on each side of the thorax (arrows in Figure
19g, h). Once egg-laying and pollination are completed the wasp dies,

being unable to escape from the fig.

Female flowers, now pollinated, develop over a period of a few weeks
(Figure 19b). Some flowers develop normally and produce a single seed;

others, known as gall-flowers, produce a wasp-grub which lives,, on the

developing ovule of the female flower. This ovule fails to become a seed.

Whether a flower develops a fruit or becomes a gall-flower is determined
simply by the length of its style. In short-styled flowers the ovipositor of

the wasp can reach the ovule and the wasp egg develops within nutritive

tissue. In long-styled flowers the wasp's ovipositor is too short to lay the

wasp egg in the correct position near the base of the flower, so the egg dies.

Pollination has been performed by the wasp, however, and seed develop-

ment proceeds normally. It seems necessary for both types of flower to

be pollinated, even the gall-flower, since the development of the ovule
must take place in order that the wasp-grub may be nourished.

Figs enlarge but remain green as seeds ripen and grubs mature (Figure
19c). The male flower then expands, rupturing its perianth, and the sta-

men dehisces (Figure 19d). At the same time the grubs (presumably after

suitable metamorphosis) hatch from the gall-flowers to produce male and
female wasps (Figure 19f-h). The male wasp is strikingly different from
the female; it is larger, wingless, and brown rather than black (Figure
19f). It shows evidence of paedomorphism. Nevertheless it has two impor-
tant functions. First it impregnates the adult female within the flower,

subsequently assisting the escape from the flower of the delicately winged
female by chewing a hole in the gall-flower. Since grubs are likely to be
the progeny of several different parental wasps which all entered the

same fig, outcrossing between wasps can take place. Secondly, the male
wasp provides a further escape tunnel for the impregnated females by eat-

ing a hole through the wall of the fig using its well-developed mouth
parts. The males may themselves escape through these holes, but since

they are wingless they fall to the ground and die. The females, now egg-

bearing, have one important function before they leave a fig. They load

their pollen sacs from the pollen provided by the ripe anthers. Details of

how this is done are still unknown, and it seems (Figure 19g, h) that the

anther does not dehisce but is bitten into by the wasp. Once pollen-load-

ing is accomplished the females make their escape via the holes pro-

vided by the males, fly to a young fig, and begin a new cycle (Figure

19d). The deliberate transfer of pollen by female wasps is a peculiarly

instinctive action, but one on which the whole process is dependent. Of

interest is the method of survival of wasp populations during a long

period in winter when Ficus is inactive and produces few figs. This has

not been investigated.
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pollen-bearing pouches.

Unfortunately the situation is complicated by a number of other in-

sects which parasitize the fig-wasp environment. Commonly there are

male and female wasps of a second species in the figs. The female of

this species has a long ovipositor and it may lay its eggs in female flow-
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ers without ever entering the fig so that it is of no value to the fig in pol-

len transfer. Additional large galls are also common in these figs, and
they are probably made by an insect which enters and leaves a flower

without ever going into the cavity of the fig at all.

DISCUSSION

Distribution of Breeding Mechanisms
The possibility that many South Florida trees are self-incompatible

without there being any marked floral dimorphism is very likely in view

of the high incidence recorded by Bawa (1973) in Costa Rica. Bawa
records self-incompatibility for species in the genera Manilkara, Piscidia,

and Pithecellobium, which are represented in South Florida.

In contrast Byrsonima crassijolia is recorded by Bawa as self-com-

patible. Byrsonima lucida in South Florida has conspicuous flowers which

pass through several color phases as they develop. Assuming that this

species is also self-compatible, outbreeding here may be dependent on

specialized pollinator behavior but remains uninvestigated.

Since the flora of South Florida has been examined neither in detail

nor experimentally, the only suggestion we presently have for outcrossing

mechanisms comes from a knowledge of flower structure alone. Morpho-

logically, out of 114 species 31 (2 7 per cent) are dioecious where out-

crossing is obligate. Monoecism, which may promote outcrossing, occurs

in 14 species (12 per cent). Heterostyly is distinct in 4 species (3.5 per

cent), dichogamy is suggested in 18 species (16 per cent), and floral

polymorphism, which may presage dioecism or monoecism, is evident in

8 species (7 per cent). Whether these structural differences in fact do

reflect a tendency toward outcrossing can only be determined by further

study. Even at the morphological level our records are very incomplete.

A further example will show that self-incompatibility and outcrossing

may be more widespread than is currently evident. In the family Rhamna-

ceae, Galil and Zeroni (1967) have demonstrated a type of dichogamy in

Zizyphus spina-christi which bears comparison with that in Persea ameri-

cana, except that the flowers are protandrous, not protogynous. In Zizy-

phus Galil and Zeroni recognized 6 distinct flower phases (A-F) through

which each flower passes. Pollen is presented in the earlier (staminate)

phases B-C; the stigma becomes receptive in the carpellate phases D-E
when all pollen is dispersed. All flowers on a single tree are in phase with

each other. Outcrossing is obligate because the flowers are self-incom-

patible. Crossing is possible because there are two kinds of trees, stag-

gered with respect to flower phase so that there are some trees with flow-

ers in the male phase and other trees with flowers in the female phase.

Colubrina species in South Florida have flowers very similar to those of

Zizyphus, and certain of the phases described by Galil and Zeroni can

be recognized. It will be of interest to see if further work demonstrates

a Zizyphus type of mechanism in Colubrina, or indeed in other Rhamna-
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Pollination Mechanisms
The preceding outline has been presented, except in Ficus, without

any consideration of the probable mechanism of pollen transfer itself.

Initially one can make a rather subjective distinction between wind- and

insect-pollinated flowers. Probable wind-pollinated species are marked
with an asterisk in the preceding tables, based largely on flower structure

and pollen texture. Most doubt can be cast upon my claim for wind pol-

lination in the tropical level. However, even at this subjective level the

incidence of wind-pollinated species is low. Furthermore, wind-pollina-

tion is strongly correlated with dicliny, on the one hand, and a temperate

distribution, on the other. Of the 45 species included in the dioecious and
monoecious category, I estimate that IS (33 per cent) are wind-pollinated,

whereas probably no species 2 with perfect flowers is wind-pollinated (0

per cent). A proportion of species with a generally temperate distribution

(marked * N in the above tables) are wind-pollinated (4 out of 7 of the

dioecious species; 4 out of 4 of the monoecious species). This confirms

the higher incidence of wind-pollination in temperate tree floras which
is generally appreciated and has been discussed recently by Daubenmire
(1972), Janzen (1967), and Whitehead (1969) in relation to such factors

as availability of pollinators, deciduousness, and the distribution of angio-

sperm families.

Phenology

Interaction between flowering trees and pollinators implies a close de-

pendence on their respective seasonal behavior, as had been emphasized
by Janzen (1967). It is perhaps not justifiable to comment upon sea-

sonal flowering behavior of trees in South Florida, since the subject is

scarcely investigated and my own phenological records are too incomplete
to indicate more than general trends. However, the subject is of major
importance in a discussion of breeding mechanisms in trees. Observa-
tions made so far show that many trees have distinctive (though often

extended) flowering periods and that published records of trees as "ever-

flowering" are often misleading, in part because they are based on early

literature which was produced by observers who had little opportunity
to make continuous records. The subject needs long, continued field in-

vestigation.

Diurnal variation in flower function is also an important factor in the

study of pollination and breeding mechanisms. In certain trees in South
Florida the flowers open only at night (e.g., Capparis species) or become
scented at night, notably Mastkhodendron joetidissimum. The pollinat-

These brief comments
which the observer may

\

sessment has been made.
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AUSTIN & OLIVER. SISYRINCHIl M SOLSTITIALE

SISYRINCHIUM SOLSTITIALE (IRIDACEAE):

A FLORIDA ENDEMIC

Daniel F. Austin and Royck L. Oliver

Numerous species of Sisyrinchium from the southeastern United

States were described by Bicknell (1899). Many of these have been

placed in synonymy or ignored because of their uncertain status. In-

cluded among these is 5. solstitiale. which is similar to. and usually in-

cluded within, S. xerophyllum Greene. In the original publication of the

former species. Bicknell emphasized the different flowering times of these

species (autumnal in 5. sotstitiale, vernal in 5. xerophyllum) and later

(1903) stated that in S. xerophyllum the tufts of plants are densely fibrous

at the base, while in 5. solstitiale such fibers are lacking. The amount

and condition of fibers depends on the age of the plant, fires, and l

habitat and does not distinguish these species. We believe that m

ognizing this has led to the inclusion of Sisyrim kium solstitiale in 5.

phyUum in recent treatments of the genus in Florida (Lakela & Craighead.

1965; Ward. 1968; Long & Lakela, 1971).

After two years of observing living populations of Sisyrinchium ii

insular Florida, of collecting data on pollinators, phenology, habitat, cytol-

ogy, and of examining numerous herbarium specimens, it became appar-

ent that the entity called "5. xerophyllum" in recent literature was

posed of two distinct, yet closely related, taxa. Historically, few infra-

specific taxa of Sisyrinchium have been recognized in North America.

Until a clear species concept can be established through detailed popula-

tion and biosystematic studies, we prefer to follow the present system and

maintain S. xerophyllum and S. solstitiale as distinct species. Table I

lists the characters that may be used to distinguish them.

The genus Sisyrinchium is taxonomically difficult; species limits are

often vague, and many variants have been described as distinct. Numer-

ous collections in herbaria are undetermined or misdetermined. Taxo-

nomic studies on the genus are few and based mostly on herbarium ma-

terial. They are mostly regional in coverage or concerned with small

species groups. A modern revision is needed.

ECOLOGY

Sisyrinchium solstitiale and 5. xerophyllum are closely allied species

which were probablv derived relatively recently from a common ances-

tor. Sisyrinchium solstitiale is adapted to the xeric conditions of the

Scrub Pinelands. and 5. xerophyllum to the comparatively mesic condi-

tions of the High Pinelands. The distribution of these species (Figure 5)

reflects the Pleistocene insulation and inundation described
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Table I. Criteria for distinguishing Sisyrinchk

Scapes 30-54 cm. long. Scapes 7-2 5 (-30) cm. long

Inflorescences 12.5-23 Inflorescences 4-8 cm.

cm. long; 3.5-9.5 cm. long; up to 3 cm. longer

longer than the leafy bract. than the leafy bract.

Spathes ± terete at base, Spathes flattened.

gradually broadening. abruptly expanding from

Outer bract gradually Outer bract abruptly

tapering to a point. narrowing from point of

attachment.

Inner bract not gibbous. Inner bract slightly gibboui

Pedicels (0-)5-7(-10) mm. Pedicels (0-)2(-6) mm.
longer than spathes. longer than spathes.

Roots commonly pilose Roots commonly smooth.

Habitat: Scrub. Habitat: High Pine and

Flatwoods.

Flowering July to Flowering March to April.

December.

Leaves evergreen. Leaves dying in the fall.

by Neill (1957) for numerous species of plants and animals. Sisyrin-

chium solstitiale now grows on the Ocala Ridge from Marion County
south to Highlands County and southeast on the Scrub Pine sand dunes

to Dade County. Where the species occurs in Pine Flatwoods it has

been our observation that a "relic" of Scrub Pinewoods is always closely

associated.

With the exception of the collection Nash 133, S. xerophyllum occurs

north of the Suwanee Straits from Alachua and Putnam counties north

to Duval County. It appears to be absent from the Suwanee River basin,

but reappears in the panhandle from Leon to Walton counties. This ab-

sence from the Suwanee River basin is probably a result of the inunda-
tion of this region during the Pleistocene. Neill (1957) described in de-

tail the effect of the embayment on local biogeography and noted that

many species of plants and animals have not yet reinhabited the area.

Sisyrinchium solstitiale is constantly associated with the white St. Lucie
and associated cross-bedded sands of the Pleistocene (Cook, 1945). Veg-
etation growing on this sand complex is usually called Scrub or Scrub
Pine (Carr, 1940; Davis, 1943; Long & Lakela, 1971) and is charac-

terized by the dominant plants Pinus clausa, Ceratiola ericoides, and
several species of Quercus. In Pinus clausa stands having a closed can-

opy and thick shrub layers, 5. solstitiale is not apparent even after fires.

Conversely, scrub pine stands with an open canopy are common sites of

large Sisyrinchium populations. Following fires that do not kill the scrub
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pine, large Sisyrinchium populations are abundant in open areas. Roads

and trails leading through or near such populations allow the spread

of a few plants into nearby High Pinelands or Flatwoods. Sisyrinchium

solstitiale appears unable to compete with Serenoa repens (saw palmetto),

ericaceous shrubs, and grasses common in the High Pinelands and Flat-

woods. In southern Florida S. solstitiale is found only in young Flatwoods

and their disturbed margins, and only then when there is a Scrub area

nearby. When the lower pine forest layers begin to mature Sisyrinchium

becomes rare or absent.

This perennial Sisyrinchium may not be adapted to fire in the same

ways that Serenoa, Quercus, Lyonia, and Ilex are adapted, but, as with

many Florida plants, it benefits from reduced competition, release of nu-

trients, and the preparation of the proper habitat for growth and repro-

duction. The species possibly exists marginally for long periods of time

until fire reduces competition and thus opens and maintains a suitable

habitat.

The genus Sisyrinchium is largely one of temperate regions, although

some species extend into tropical zones. Those species in the tropics usu-

ally occur at higher altitudes where conditions are functionally temperate.

Most species of the north temperate area flower in the spring and early

Sisyrinchium solstitiale rarely produces flowers in the spring; of the

several hundred living plants examined in March, 1972, only two plants

had one flower each. These same plants had flowering stalks with cap-

sules that had already dispersed their seed. Observations during three

seasons of one population in Palm Beach County and another in Martin

County, plus data from herbarium material indicate that the majority of

5. solstitiale flowers are produced from July to December.

From greenhouse studies it has been determined that flowering is

initiated by photoperiod in some Sisyrinchium species (Oliver, unpub-

lished). This photoperiod sensitivity undoubtedly has partially dictated

the time of year when S. solstitiale produces flowers. Spring and fall

flowering appear to reach their peak near the equinoxes when there are

about twelve hours of light. The production of occasional flowers by 5.

solstitiale in the spring suggests that flowering is at least partially trig-

gered by photoperiod.

However important photoperiod might be in initiating flowering, mois-

ture seems to be one of the main factors affecting the change from spring

to late summer and fall flowering. Spring is almost always dry in pen-

insular Florida, while fall terminates the wet season. Since the spring

drought is augmented by the very porous well-drained sand soils where

S. solstitiale occurs, this may have become a factor limiting spring flow-

ering of this species. Spring flowering for S. solstitiale must have become

an evolutionary handicap, and selection caused a shift to fall flowering.

A similar fall flowering tendency is exhibited by numerous Mexican spe-

cies of the genus that begin flowering in July and August. This also cor-

responds with the rainy season.
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POLLINATION

Two widely separated populations of S. solstitiale have been observed
for insect visitors. Although several kinds of insects were seen in the

vicinity of the populations, only three species of Hymenoptera visited

Sisyrinchium.

In the Boca Raton, Palm Beach County population, flowers opened
from 2:30 to 3:00 p.m. E.S.T. and remained open until after dark. The
afternoon flowering appears to be a unique characteristic of S. solstitiale;

other species of the genus flower in the morning. Bees were not ap-
parent until the flowers opened. Shortly after opening the flowers were
visited by Augochlorella gratiosa Smith and Anthidiellum notatum rufima-
culatum Schwarz. Augochlorella was a regular visitor for the next few
hours, at least one bee visiting the flowers at all times. The body of

Augochlorella was positioned across or around the staminal column for

gathering nectar (Figures 3 and 4). Pollen was collected with the an-
terior pair of legs after nectar had been taken, and then stored in scopae
on the posterior legs.

Anthidiellum, a larger bee, landed across the staminal column to take
nectar at the flower base while gathering pollen at the same time with
the posterior legs. This bee stores pollen on ventral abdominal scopae.
Although there is no detectable fragrance, these bees always approach
the flowers from down-wind.
The second population was studied in Jonathan Dickenson State Park,

Martin County. Augochlorella was not observed and few Anthidiellum
visited the flowers. The Anthidiellum was the same species visiting the
Palm Beach County population and exhibited the same behavior. The
major difference in behavior was that the individuals in Martin County
were extremely nervous.

The common visitor to this population was Dialictus nvmphalis Smith.
These small bees were numerous, and several were usually active at the
same time. Because of their small size they landed on the tepals, then
climbed onto the staminal column (Figures 1 and 2). The bees were ob-
served gathering pollen only; however, visits to nearby Polygonella gra-
cilis were apparently for nectar. As with Augochlorella, pollen was stored
on the scopae of the posterior legs.

The details here described were obtained in 1970. Subsequent obser-
vations in 1971 and 1972 substantiate the original data. No other species
have been observed visiting the flowers of this population of Sisyrinchium
solstitiale.

All the data indicate that these three bee species are effective pollina-
tors. Each exhibits a different behavior while on the flowers, but all con-
tact stamens and stigmas on every flower visited. It was not unusual
for bees to fly from plant to plant and cross-pollination could easily have
been accomplished.

In the spring of 1971 several populations of various species of Sisyrin-
chium were studied. These populations ranged from Alachua County



nymphalis: 1. bee climbing from the tepals

tolstiiiale onto the staminal column; 2. bee collecting pollen on t

lmn of 5. solstitiale. Figures 3 and 4. Augochlorella gr;

\
pollen from S. solstitiale ; 4. bee taking nectar from S. s,

south to Broward County. In only one of these spring flowering popula-

tions was a common visitor shared with the fall populations. A popula-

tion of 5. miamiense Bicknell (5. atlantkum sensu Long & Lakela, 1971)

in Broward County was visited by Augochlorella gratiosa; pollination was

apparently accomplished but onlv one individual was seen. The plants

were also visited briefly on two days by Anthidiellum notatum rujimacula-

tum; on neither occasion was the bee observed to land on the flowers.

The visit by Anthidiellum appeared to be only an inspection of the blue
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CYTOLOGY

Both Sisyrinchium solstitiale and 5. xerophyllum belong to Sisyrinchium

section Bermudiana, which has blue and white flowers associated with
an undivided staminal column. Species presently studied in this section

have a base chromosome number of x = 8 (Bowden, 1945; Bocher &
Larson, 1950; Lewis & Oliver, 1961; Oliver & Lewis, 1962; Bocher, 1966;
Oliver, 1966; Ingram, 1967; Taylor & Mulligan, 1968; Mosquin, 1970).
Polyploids and a single diploid have been reported; the majority of the

species are tetraploids.

Plants of 5. solstitiale were grown in St. Louis, Missouri, from seed
collected in Florida. Root tips were pretreated with low temperatures

(18 hours at 1-4° C) before chromosome squashes were made. The
chromosome number for S. solstitiale is 2n = 32. Voucher: Florida.
Palm Beach Co., Boca Raton, Austin 4276 (fau).
Mosquin (1970) reported compatibility and selfing in a bagging ex-

periment on what we assume to be a 12-ploid population of S. montanum
Greene. In contrast to this we found S. solstitiale to be self-incompatible.

Seed set could be accomplished only by cross pollination. Self-incompati-
bility is also common in other tetraploid Sisyrinchium species from the

Pacific Northwestern United States (Douglas Henderson, pers. comm.).
We have not seen evidence of gene exchange between this species and
any other.

DISCUSSION

We suggest that the ancestral form of the two species of Sisyrinchium
we have studied occurred in the lower southeastern United States at the

beginning of the Pleistocene. During the changing sea levels of the

glacial and interglacial stages, various populations of the ancestral form
became isolated. Each of the modern species resulted from evolutionary
shifts in preference to habitat, flowering season, flowering time of day,
pollinators, etc. Sisyrinchium xerophyllum maintained a more conserva-
tive biology by retaining the temperate spring flowering characteristics
and living in relatively mesic conditions in the High Pinelands.

Sisyrinchium solstitiale was perhaps isolated from the other forms on
the Pleistocene islands. The Scrub forests of the Ocala Ridge and farther
south have been considered the sites of evolution for several plant and
animal species (Carr, 1940; Neill, 1957). Since S. solstitiale now prefers
this habitat, it seems reasonable to assume that this species may also have
evolved with the other Scrub species. Because conditions are xeric in

the Scrub, spring flowering plants were probably at a disadvantage since
the spring is usually dry. A selection toward flowering in the late sum-
mer and early fall, when rain is more abundant, would have resulted in

survival and reproduction being more easily accomplished. This shift

to late flowering parallels similar shifts in Mexico.
If this interpretation is correct, Sisyrinchh
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sidered a recently evolved species. Almost certainly its closest relative is

5. xerophyllum. Because their habitat and flowering seasons rarely over-

lap, there is a strong tendency to consider the populations as two separate

gene pools.
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DOCUMENTATION

1. Sisyrinchium xerophyllum Greene, Pittonia 4: 32. 1899. Holo-

type: Nash 133 (nd-g); (gh, mo, ny, us, isotypes).

Representative specimens:
Florida. Calhoun Co.: 10 May 1964, McDaniels 4428 (fsu). Franklin

Co.: 24 Mar. 1970, Godfrey 69316 (fsu); 23 Mar. 1961, Krai 118313B (fsu);

Godfrey 53124 (ny). Gadson Co.: 19 Mar. 1966, McDaniels 7286 (fsu). Her-

nando Co.: 19 Mar. 1958, Cooley & Monachino 5659 (fsu). Lake Co;: 20

Mar. 1894, Nash 133 (mo, nd-g, ny, us). Leon Co.: 28 Apr. 1964, Godfrey

63578 (fsu); 30 Mar. 1957, Krai 4747 (smu). Putnam Co.: Apr. 1961, Gil-

lis 4348 (fsu). Wakulla Co.: 1 Apr. 1934, Hunnewell 13094 (gh). Walton
Co.: 17 Apr. 1958, Godfrey 56629 (fsu, smu); 6 Apr. 1957, Godfrey 55491

2. Sisyrinchium solstitiale Bicknell, Bull. Torrey Bot. Club 26: 219.

1899. Type: Nash. ". . . high pine land at Eustis, Lake Co.,

Florida, Aug. 10, 1894, the first flowers just opened. Type in her-

barium Geo. V. Nash" (presumably ny, not located).

Representative specimens:
Florida. Brevard Co.: 15 Jan. 1903, Fredholm 5698 (gh, us). Broward

Co.: 19-25 Nov. 1903, Small & Carter 1228 (ny). Dade Co.: 30 Nov. 1912,

Small 4008 (ny); 30 Jan. 1930, Moldenke 300A (ny). Highlands Co.: 17 Oct.

1967, Beckner 788 (fsu, gh, usf); 22 Aug. 1971, Godfrey 70805 (fsu); 20

Sept. 1964, Krai 22893 (smu); 27 Dec. 1924, Small 11573 (ny); 4-5 Sept. 1934,

Small & West s.n. (ny); 28 Nov. 1959, Ray 9628 (fsu, gh, usf); 7 Oct. 1960,

Ray et al. 10348 (usf); 2 Sept. 1954, Shanks et al. 17959 (smu); 7 Dec. 1925,

Small 12728 (ny, unc, usf). Indian River Co.: 26 June 1957, Krai 5073

(smu). Marion Co.: 12 Sept. 1929, O'Neill 7828 (fsu, us); 12 Oct. 1964, Ward

4192 (flas, fsu, gh, usf). Martin Co.: 23 July 1959, Ward & Ward 1575

(flas, fsu). Orange Co.: 26 Oct. 1959, Craighead s.n. (fsu); 20 Dec. 1949,

Shallert 5442 (smu). Osceola Co.: 14 Oct. 1960, Putnam s.n. (usf); 14 Oct.

1960, Ray et al. 10462 (usf). Palm Beach Co.: 25 Oct. 1970, Austin 4276

(fau); 20 Dec. 1968, Churchill s.n. (smu). Polk Co.: 11 Nov. 1960, Lakela

23592 (fsu). St. Lucie Co.: 7 Dec. 1920, Small & DeWinkler 9728 (gh, smu,

unc, us). County unknown: S. Florida. Binney s.n. (gh) [annotated by

Bicknell in 1899; the only specimen of this species annotated by the original

author that we have seen.]
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THE REDUCTION OF RUSBYANTHUS
AND THE TRIBE RUSBYANTHEAE (GENTIANACEAE)

Richard E. Weaver, Jr.

The system followed by most taxonomists for the classification of
the Gentianaceae is that of Gilg (1895). In this system five tribes of the
Gentianoideae are recognized, all distinguished on the basis of pollen
gram characters: Gentianeae Gilg (40 genera), Rusbyantheae Gilg (1
genus), Heheae Gilg (15 genera), Voyrieae Gilg (1 genus), and Leiphai-
meae Gilg (2 genera). With more adequate collections since Gilg's time,
better equipment for the study of pollen grains, and utilization of a
broader spectrum of characters, several of these tribes have been shown
to be either unnatural or unnecessary. For example, Voyriella Miq., one
of the two genera in Gilg's Leiphaimeae is certainly more correctly classi-
fied among the Gentianeae; the other genus, Leiphaimos Cham. & Schlecht,
is probably congeneric with Voyria Aublet, therefore completely eliminat-
ing the tribe. In this paper, the elimination of the Rusbyantheae is pro-
posed in addition.

Macrocarpaea cinchonifolia (Gilg) Weaver, comb. nov.
Rusbyanthus cinchonifolius Gilg in Engler & Prantl, Nat. Pflanzenfam. 4(2):

95. 1895. Lectotype: Bolivia: Mapiri, Rusby 1173 (ny).
M. pachystyla sensu Ewan, Contr. U.S. Natl. Herb. 29: 245. 1948.

To judge from the few available collections, the distribution of this
species ranges from 1000 to 1800 meters in the Andes of the Peruvian De-
partments of Huanuco and Puno and the Bolivian Department of La
Paz. It is closely related to Macrocarpaea viscosa (R. & P.) Gilg, M.
corymbosa (R. & P.) Ewan, and M. pachystyla Gilg, the three species
found by Nilsson (1968) to have pollen of what he called the "M. corym-
bosa-type."

Gilg proposed the tribe Rusbyantheae to accommodate Rusbyanthus
anchomfolius Gilg, the pollen grains of which were supposedly unique in
the family. He described them as lacking furrows but with three equa-
torial pores and with the exine beset with numerous large processes stand-

in
g
™??

ar1: fr°m Cach °ther at regular intervals- However, Nilsson (1968,
970) recently described the pollen of Rusbyanthus as being 3-colporate
(with 3 aperturate furrows), the normal condition in the family, and he
noted a fine reticulum between the large, wartlike processes. In addition,
he found that three species of Macrocarpaea (Griseb ) Gilg the genus
closest to Rusbyanthus in Gilg's treatment, but in the Gentianeae-Tachii-
nae, possessed pollen of the same type.

In Macrocarpaea the exine pattern of the pollen grains is typically a
coarse reticulum, the muri of which are 0.7-2 Mm. broad. Nilsson noted
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on the muri of these are similar to the processes of

Rusbyanthus and that a reduction of the muri would lead to pollen of

the Rusbyanthus-type. He suggested that the two genera might be com-

Ewan (1948) considered Macrocarpaea and Rusbyanthus to be closely

allied, and he listed the diagnostic features separating them as follows:

Rusbyanthus with calyx lobes distinctly unequal, a berrylike capsule

that dehisces irregularly, and large, lunate to reniform seeds 3-4 mm. long;

and Macrocarpaea with calyx lobes essentially equal, a capsule dehiscent

into 2 regular longitudinal valves, and small or minute seeds less than 2

mm. long. The calyx character, however, is not constant, many species

of Macrocarpaea having distinctly unequal calyx lobes. Ewan badly mis-

interpreted the seeds and capsules of Rusbyanthus, his description un-

doubtedly based on fragments of a solanaceous plant mounted with several

specimens of R. cinchonijolius (Rusby 1173, ph, us). A Miguel Bang

collection, without number (ny), shows the capsule of Rusbyanthus to

be a typical gentianaceous one, larger than but similar to that of many

species of Macrocarpaea. The seeds, minute and flat with an elongate

wing at each end, are also similar to those of many species of that genus.

Morphologically Rusbyanthus cinchonijolius fits perfectly well within

Macrocarpaea; and since the pollen of the two is basically similar, there

is no reason to recognize Rusbyanthus as a distinct genus, let alone the

Rusbyantheae as a valid tribe. The date of publication is the same for

both genera (Gilg, 1895), but since Macrocarpaea is by far the larger

it is the logical choice as the name to be retained when the two are com-

The nomenclatural history of Macrocarpaea cinchonifolia is somewhat

confused. N. L. Britton annotated two specimens of this taxon (Rusby

1173, ny) as
uLisianthus cinchonaejolius (Britton, n. sp.)," at an un-

known date, but the name was never published. Gilg (1895), in describ-

ing Rusbyanthus as a new genus, mentioned "R. cinchonijolius (Britt.)

Gilg" as its sole species, evidently intending to make a new combination.

But since neither the name nor the description of Britton's new species

was ever published, the name Rusbyanthus cinchonijolius must be at-

tributed to Gilg alone.

Gilg did not cite any specimens when he inadvertently described Rusby-

anthus cinchonijolius; any specimens that may have been among the

collections at Berlin, where he worked at that time, were destroyed dur-

ing World War II. Therefore, a lectotype must be chosen.

By 1895 Rusby 1173 and a Bang collection without number were the

only known collections of this taxon. Two specimens of the latter are

preserved at the New York Botanical Garden. One is in fruit and the

other consists of a vegetative branch. Since Bang's collections were dis-

tributed by Britton, these probably represent the first set. Therefore, it

is assumed that this collection did not include flowering material. Gilg

did not mention the capsule in his description of Rusbyanthus, so it is

likely that he did not examine the Bang collections at least by the time
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of publication. The Rusby collection consists of flowering material and

is well distributed. One of the three specimens at the New York Botanical

Garden was annotated by Gilg as "Rusbyanthus cinchonijolius Gilg n.

gen." in 1896. This specimen is designated the lectotype of that name.

Although Gilg's annotation was made the year after the name appeared in

print, there is little doubt that this is the collection on which he based

his description.
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ROBERTSON. GENERA OF ROSACEAE

THE GENERA OF ROSACEAE IN THE SOUTHEASTERN
UNITED STATES *

ROSACEAE A. L. de Jussieu, Gen. PI. 334. 1789, nom. cons.

(Rose Family)

Trees, shrubs, perennial herbs, or. infrequently, annuals, sometimes
armed with thorns or prickles; indumentum of simple and/or stellate or

glandular trichomes; plants often increasing vegetatively by rhizomes,

runners, creeping stems, or suckers. Leaves alternate [very rarely oppo-
site], simple to palmately or pinnately compound, cauline and/or basal,

sometimes clustered on short shoots, short to long petiolate, the blades

commonly toothed and lobed; stomata ranunculaceous ; stipules present

(absent in some Spiraeoideae), paired, inconspicuous to foliaceous, often

adnate to the petioles. Inflorescences terminal or axillary cymes, corymbs,
umbels, racemes, spikes, or panicles, infrequently reduced to a single

flower; bracts subtending the inflorescences and their branches. Flowers

perfect, rarely imperfect and the plants then dioecious or monoecious, reg-

ular or rarely slightly irregular by displacement, 5-merous (or rarely 4-

merous), the insertion of the perianth and androecium perigynous to

epigynous, seldom nearly hypogenous. Calyx lobes 5 (rarely 4), often

with an equal number of alternating epicalyx lobes, appearing to arise

from the rim of the floral cup, nearly always persistent in fruit, valvate

(quincuncial in Rosa) in aestivation; floral tube (cup) various: flat,

cup-shaped, cylindric, campanulate, turbinate, or urceolate. free from or

adnate to the carpels, often enlarging in fruit, a nectar ring usually inside

the rim of the cup or lining it. Petals the same number as the calyx lobes,

rarely absent or "doubled," white, yellow, pink, purple, or orange, never
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blue or truly red, often shortly clawed below, caducous, imbricate or rare-

ly contorted in bud, inserted at the upper edge of the floral cup. Androe-
cium most frequently of IS or more centripetally developing stamens in

several series (whorls) with the inner ones shorter than the outer, or often

10 (8) in one series, or infrequently 5 (4), or rarely reduced to 1 or 2,

inserted on the rim of, or rarely on the adaxial wall of, the floral cup;
filaments free or basally united to the nectar ring, commonly persistent;
anthers small, ± versatile (or infrequently basifixed), 2-loculate at an-
thesis, dehiscing introrsely [or extrorsely] by longitudinal slits [very
rarely by subterminal pores], the locules sometimes separated by broad
connectives; pollen 2-celled when shed, basically tricolporate, the sexine
striate. Gynoecium of 1 to many spirally or cyclically arranged carpels
inserted at the base of, on the sides of, or inclosed by the floral cup, the
receptacle flat, concave, or convex to hemispheric or cylindric, the carpels
or receptacles infrequently stipitate, the carpels apocarpous [rarely syn-
carpous], although sometimes ± laterally connate and abaxially adnate
to the floral cup, the ovaries superior to partly or completely inferior;

styles as many as the carpels, free or connate below, terminal, lateral, or
nearly basal, deciduous or persistent; stigmas terminal, punctiform, dis-

coid, or in bands decurrent on the styles; each carpel with 1 or 2 (or more
m the Spiraeoideae) anatropous (rarely orthotropous) ovules basal, lateral,

or pendulous from the adaxial wall, the micropyles abaxial. Fruits very
diverse: follicles (sometimes dehiscing along both adaxial and abaxial su-
tures), achenes exposed or inclosed within the floral cup, pomes, drupes, or
aggregate or accessory with drupelets or achenes [or very rarely cap-
sules]. Seeds very small to large, variously textured [winged in tribe

Quillajeae]; endosperm usually absent or sparse (abundant in some
Spiraeoideae); embryo spathulate, the cotyledons fleshy, plano-convex
[rarely foliaceous, convolute, or folded], the radicle straight to slightly
bent, superior or inferior. Base chromosome numbers 7, 8, or 9. (Includ-
ing Spiraeaceae D. Don, Malaceae J. K. Small, and Amgydalaceae D. Don;
excluding Chrysobalanaceae R. Brown [see Prance]). Type genus:
Rosa L.

J

About 100 genera and 3000 species (not including "microspecies" of

apomictic genera) in four subfamilies and 13 tribes. Members of the
family can be found in nearly every region of the world where vascular
plants occur, but Rosaceae are most abundant, both in numbers of indi-

viduals and of diverse forms, in the North Temperate regions, particular-
ly western North America and eastern Asia. No genus is restricted to

Europe and no tribe to the Old World; tribe Quillajeae is limited to the
New World. With the exception of the Kerrieae (Rosoideae), all tribes

are represented in western North America. Twenty-two genera (three
introduced from the Old World) of all four subfamilies and 10 tribes oc-
cur in the southeastern United States; an additional eight genera (includ-
ing five that have escaped from cultivation) are found in northeastern
North America. Porteranthus, Neviusia, and Dalibarda are endemics of
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eastern North America. Twenty-three more genera grow in western North
America, and of these 20 (or 21 if Heteromeles is considered distinct from
Photinia) are essentially restricted to that area. Five genera (six if

Hesperomeles is separated from Osteotneles) do not occur outside of Cen-
tral and South America. Forty-five genera have species indigenous to

North America, and there are 42 with species restricted to that region.

Although diverse in vegetative and fruit morphology, the family is a
natural one. There has long been rather general agreement about the

supraspecific taxa that are related to one another, but the taxonomic
rank given these groups varies greatly. Perhaps as few as 80 or as many
as 130 genera can be recognized. The genera, in turn, have been grouped
variously into subtribes, tribes, or subfamilies, and several tribes and/or
subfamilies are often given familial status. The information available at

present indicates that Chrysobalanus and its relatives should be con-

sidered as a separate family, Chrysobalanaceae (see Prance), and that

Neurada, Neuradopsis, and Grielum are best segregated as Neuradaceae.
The remaining genera of Rosaceae can be assigned to four subfamilies:

Spiraeoideae (with tribes Neillieae, Spiraeeae, Sorbarieae, Quillajeae, and
Exochordeae), Rosoideae (with tribes Kerrieae, Fragarieae, Dryadeae. Ul-

marieae, Sanguisorbeae, Adenostomateae, Roseae, and Rubeae), Amygdal-
oideae. and Maloideae. On the basis of morphological, cytological. and
chemical data, it seems that Spiraeoideae and Amygdaloideae are the

basic stocks of the family, the Rosoideae being derived from the Spirae-

oideae by reduction in the number of ovules per carpel with a concomitant

increase in the number of carpels per flower (the fruits becoming indehis-

cent), a dramatic multiplication or reduction in the number of stamens in

many cases, a decrease in the base chromosome number, the loss of

flavonols and sorbitol, and the acquisition of ellagic acid. Maloideae per-

haps arose through hybridization between some ancient species of Spirae-

oideae and Amygdaloideae (see discussion under Maloideae).
In the Englerian scheme of classification, Rosaceae are placed along

with Platanaceae, Crossosomataceae, Connaraceae, and Leguminosae in

suborder Rosineae of the Rosales. Most recent phylogenists group Plata-

naceae with Hamamelidaceae and Crossosomataceae with Dilleniaceae,

and there is rather general agreement that Rosaceae, Saxifragaceae, Le-

guminosae, and Connaraceae are allied, although various taxonomic ranks

are recognized. Hutchinson included Dichapetalaceae and Calycantha-

ceae in his Rosales.

Flowers of Rosaceae vary greatly in size, from very small, as in species

of Alchemilla, Aruncus, and Spiraea, to large and showy, as in Rosa and

Rubus. Flower color ranges from white and cream to yellow, pink, pur-

ple or orange; blues are totally absent (see below), and true red flowers

occur rarely, if ever. Rosaceae do not seem to have undergone a series

of extensive adaptations related to different pollination mechanisms such

as those found in Ranunculaceae. Most species of Rosaceae have rather

generalized perfect, regular, flat or shallowly cup-shaped flowers with a

prominent nectar ring at the apex of the floral cup. Flies and short-
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tongued bees are the commonest pollinators of small flowers, while long-

tongued bees, other Hymenoptera, Coleoptera, and Lepidoptera visit large-

flowered species. Some species of Sanguisorba lack petals and are wind
pollinated. Homogamy and, to a lesser extent, proterogyny are common
in the family. Should cross pollination not take place, many species are

automatically self pollinated and are self compatible. Imperfect flowers

regularly occur in some species of Aruncus, Bencomia, Cliffortia, Dryas,

Hagenia, Kageneckia, Osmaronia, Rubus, and Sanguisorba, and the plants
are then dioecious or variously monoecious.
Many fruit types occur in Rosaceae, and fruit morphology is used as

a prime character in the subdivision of the family. The fruits of most
Spiraeoideae are follicles (legumes?) that may split along both adaxial
and abaxial sutures. Holodiscus is the only member of the Spiraeoideae
with achenes. In Exochorda the carpels become connate at maturity, and
the fruit is capsular. Lindleya and Vauquclinia have loculicidal capsules.

Rosoideae have achenes or drupelets, these sometimes aggregated, or in-

closed by the dry to fleshy floral cup, or borne on the fleshy receptacle.

All Maloideae have pomes (see discussion under that subfamily), while
drupes are produced by members of the Amygdaloideae.
The family seems to have undergone an extensive series of adaptations

evidently tied to dispersal by various means. Mechanisms for dis-

persal by wind are found in tribe Quillajeae (winged seeds), some Spirae-

oideae (small seeds with loose, membranaceous seed coats), many Drya-
deae (plumose styles), and some Sanguisorbeae (winged floral cups that

inclose the seeds). Adaptations for transport by attachment to animals
are found in Dryadeae (hooked styles), some species of Rosa (prickles

on the floral cups), and some Sanguisorbeae (hooked bristles or spines

with retrorse barbs on the floral cups). Certain species of Potentilla that

have achenes with elaiosomes are dispersed by ants. Many Rosaceae have
fleshy fruits and are eaten by mammals, birds, and reptiles, the seeds pass-

ing through the digestive tracts. In Prunus and Rubus, the outer carpel

walls become fleshy, in Fragaria and Duchesnea, the receptacles, and in

Rosa and all Maloideae, the floral cups.

Chromosome numbers have been reported from species representing
over 60 genera. Unfortunately, many of these counts are old, undocu-
mented, and/or from cultivated materials of unknown origin, and some
widespread genera, as well as some commonly cultivated (at least in

botanical gardens), have not been examined cytologically. A concen-
trated effort to obtain counts for as many Rosaceae as possible would
be most worthwhile, even if tedious. Subfamily Spiraeoideae has a base

chromosome number of 9, with only a few occurrences of 8 or 10. Quillaja

brasiliensis is anomalous in that it is thus far the only known species of

Rosaceae outside the subfamily Maloideae with a chromosome number
2n = 34. Except for some populations of Aruncus dioicus, only diploids

and tetraploids occur in Spiraeoideae. Subfamily Rosoideae has base
numbers of 7 and 9, rarely 8. A base number of 9 occurs mostly in tribes

Kerrieae. Adenostomateae, and some New World genera of Dryadeae.
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Many genera of Rosoideae have polyploid series, and the highest chromo-

some number known for the family is In = ca. 224 in Alchemilla jaroen-

sis. The base chromosome number of subfamily Amygdaloideae is 8, and

most species are either diploid or tetraploid. All members of sub-

family Maloideae have a base number of 17; see the discussion under

that subfamily for several hypotheses on the possible origin of this

number.

Many Rosaceae have been rather extensively -tin lied for their chemical

constituents, especially phenolics. Cyanidin is the common petal pigment,

with pelargonidin rarely occurring; delphinidin is absent (hence no blue-

flowered Rosaceae). Leucocyanidin occurs in the leaves of all species:

leucodelphinidin is known only from Potentilla anserma (but it regularly

occurs in Chrysobalanaceae). The flavonols kaempferol and quercetin

are ubiquitous, while the family (with the exception of Potentilla anseri-

na) lacks trihydroxy flavonoid compounds that are found in Chrysobala-

naceae. Dihydrochalkones have been isolated from species of Malm and

Dorynia (Maloideae). Adenostoma (Rosoideae), and Sorbaria (Spirae-

oideae). Flavone glycosides are present in all four subfamilies, but in

Rosoideae are restricted to tribe Kerrieae. Ellagic acid is found in all

Rosoideae. except the Kerrieae. but is lacking in the other subfamilies.

Sorbitol occurs throughout the Maloideae. Amygdaloideae. Spiraeoideae,

and tribe Kerrieae of the Rosoideae; it is absent from other Rosoideae.

Arbutin is known from Sorbaria and Exochorda (Spiraeoideae). Adenos-

toma (Rosoideae). and Pyrus « Maloideae;. Alkaloids seem to occur only

rarely in the family.

Some members of Rosaceae are often confused with Ranunculaceae

and Saxifragaceae. Rosaceae can be distinguished from the former by the

flowers with floral cups, by the perigynous to epigynous insertion of the

petals and stamens, and by the whorled stamens. Rosaceae differ from

Saxifragaceae by the mostly alternate, stipulate leaves, the apocarpous

gynoecium. and the more numerous stamens and carpels. Fruits of Rosa-

ceae are diverse but are never berries as in some Ranunculaceae and

Saxifragaceae, or are very rarely capsules as in most Saxifragaceae; seeds

of Rosaceae lack endosperm (except for some Spiraeoideae).

Rosaceae are among the more economically important families of

plants. Although no species is a staple food item, the diets of many peo-

ples of the world are enriched by fruits of Rosaceae. From species of

Pyrus come pears and apples; from Prunus, plums, cherries, peaches,

nectarines, apricots, and almonds; from Rubus. blackberries and rasp-

berries; from Fragaria, strawberries; from Eriobotrya, loquats: from

Amclanehier, service berries; from Cydonia, quinces: from Mespilus. med-

lars; and from Rosa, rose hips. Rosaceae with fleshy fruits are impor-

tant wildlife foods, and the foliage of Purshia and Con ima is eaten by

game and livestock in southwestern North America. Many species of

Rosaceae are used in home medicines for a variety of ailments: this is

unusual for a family in which alkaloids are rare. Otto (or attar) of roses,

an essential oil used in perfumerv. is distilled from the petals of Rosa
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Damascena. Wood from species of Prunus, Pyrus, Crataegus, and Amelan-

chier goes into the manufacture of furniture, musical instruments, and

other items. Most genera of Rosaceae are cultivated to a limited degree,

with Crataegus, Prunus, Pyracantha, Pyrus, Rosa, and Spiraea furnishing

important ornamental plants in the Northern Hemisphere. Several states

have designated members of Rosaceae as their state flowers or trees.

See also subfamily references. The following authors deal with most or all

of the genera in our area and are not referred to again under the generic refer-

ences: Baillon, Bentham & Hooker, Bolkhovskikh et al., De Candolle,

Chittenden, Davis, Focke, Hutchinson, Juel, Kania, Komarov, A. C. Mar-

tin, Prodinger, Reitsma, Rydberg, Schulze-Menz, and Valentine & Chater.

Baillon, H. Monographic des Rosacees. Hist. PI. 1: 345-483. 1869. [English

transl. M. M. Hartog, The natural history of plants. 1: 335-471. 1871.]

Baldwin, J. T., Jr. Chromosomes of Spiraea and of certain other genera of

Rosaceae. Rhodora 53: 203-206. 1951. [Cowania, Fallugia, Neviusia,

Physocarpus, Spiraea.']

Bate-Smith, E. C. Chromatography and taxonomy in the Rosaceae, with spe-

cial reference to Potentilla and Prunus. Jour. Linn. Soc. Bot. 58: 39-54.

1961. [Also 14 other genera.]

Bean, W. J. Trees and shrubs hardy in the British Isles, ed. 7. Vol. 3. viii +
664 pp. pis. 1-41. London. 1951 [Rosa, Rubus, Spiraea, Sorbus]; ed. 8,

G. Taylor, ed. Vol. 1. xx + 845 pp. 77 pis. on 48 pp. 1970 [Amelanchier,

Aronia, Crataegus'] ; Vol. 2. xvi + 784 pp. 106 pis. on 64 pp. 1973. [Malus.]

Bentham, G, & J. D. Hooker. Rosaceae. Gen. PI. 1: 600-629. 1865. [Treat-

ment by Hooker; family divided into 10 tribes.]

Bolkhovskikh, Z., V. Grif, T. Matvejeva, & 0. Zakharyeva. Chromosome
numbers of flowering plants. Ed. by A. A. Fedorov. (Russian and English

prefaces.) 926 pp. Leningrad. 1969. [Rosaceae, 617-642; includes litera-

ture to 1967, but does not include indices of plant chromosome numbers

for 1965 (Regnum Veg. 50) or 1966 (Regnum Veg. 55).]

Bonne, G. Recherches sur le pedicelle et la fleur des Rosacees. 380 pp. 10 pis.

Paris. 1928.*

Boutineau, E. De la fleur des Rosacees. Contribution a l'etude des ovaires in-

feres. 44 pp. 4 pis. Paris. 1883. [Including Agrtmomt, Alchemilla. Cratae-

gus, Filipendula, Geum, Potentilla, Prunus, Pyrus, Rosa, and Sanguisorba.]

Bunting, M. The structure of the cork tissues in roots of some rosaceous gen-

era. Contr. Bot. Lab. Univ. Penna. 2: 54-65. pi. 10. 1898. [Including

Agrimonia, Alchemilla, Duchesnea, Filipendula, Geum, Potentilla, Prunus,

Pyrus, Rosa, Rubus, Sanguisorba, and Waldsteinia.]

Candolle, A. P. de. Rosaceae. Prodr. 2: 525-639. 1825. [8 tribes recognized.]

Cejp, K. Einige Bemerkungen uber die Diagrammatik der Rosaceen. Osterr.

Bot. Zeitschr. 73: 48-58. 1924.

Chittenden, F. J., ed. Royal Horticultural Society Dictionary of Gardening.

Ed. 2 by P. M. Synge. 4 vols. 2316 pp. Genera arranged alphabetically.

London. 1956. Supplement, ed. 2. xii + 555 pp. 1969. [Contains important

treatments, sometimes contributed by specialists, on the cultivated mem-
bers of the family.]
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Clark, R. C. The woody plants of Alabama.

242. 1971. [Rosaceae, 172-185; keys t

Chute, H. M. The morphology and anatomy of the achene. Am. Jour. Bot. 17:'

703-723. pis. 42-44. 1930. [Including Agrimonia, Dalibarda, Duchesnea,

Fragaria, Geum, Potentilla, Rubus, Waldsteinia.]

Crocker, W., & L. V. Barton. After-ripening, germination, and storage of cer-

tain rosaceous seeds. Contr. Boyce Thompson Inst. 3: 385-404. [Amelan-

chier, Prunus, Pyrus, Rosa.]

Davis, G. L. Systematic embryology of the angiosperms. x + 528 pp. New
York. 1966. [Rosaceae, 228, 229.]

Devadas, C, & C. B. Beck. Development and morphology of stelar compo-

nents in the stems of some members of the Leguminosae and Rosaceae.

Am. Jour. Bot. 58: 432-446. 1971. [Including Geum, Physocarpus, Po-

tentilla, Prunus, Rubus.~\

&
. Comparative morphology' of the primary vascular systems in

some species of Rosaceae and Leguminosae. Ibid. 59: 557-567. 1972. [In-

cluding Geum, Physocarpus, Potentilla, Prunus, Rubus.]

Dippel, L. Handbuch der Laubholzkunde. Vol. 3. viii + 752 pp. Berlin. 1893.

[Rosifiorae, 355-650; consult for all woody genera.]

Eichler, A. W. Rosaceae. Bluthendiagramme 2: 495-514. 1878.

Evans, G., D. P. Watson, & H. Davidson. Initial evaluation of grafting some

species of the Rosaceae. Proc. Am. Soc. Hort. Sci. 78: 580-585. 1961.*

Focke, W. O. Rosaceae. Nat. Pflanzenfam. III. 3: 1-61. 1888; Nach-

trage II-IV: 186-189. 1897; Erganzungsheft. I: 29. 1900.

Free, J. B. Insect pollination of crops, xi + 544 pp. London & New York.

1970. [Prunus and Pyrus, chapter 34; Fragaria, chapter 35; Rubus. chap-

Gerstner, E., V. Matzke, & E. Pfeil. Zur chemischen und biologischen Sys-

tematik der Rosaceen. Untersuchung des Flavinsystems D-Oxynitrilase.

Naturwissenschaften 55: 561-563. 1968. [Compound absent in all Spirae-

oideae and Rosoideae tested, present in most Maloideae and Amygdal-

Gustafsson, A. Apomixis in higher plants. Part I. The mechanism of apo-

mixis. Acta Univ. Lund. II. Afd. 2. 42(3): 1-68. 1946: Part II. The

causal aspect of apomixis. Ibid. 43(2): 69-180. 1947; Part III. Biotype and

species formation. Ibid. 43(12): 181-370. 1947.

Hara, H. Contributions to the study of variations in the Japanese plants close-

ly related to those of Europe or America. I. Jour. Fac. Sci. Univ. Tokyo Bot.

6: 29-96. 1952. [Aruncus, Dryas, Geum, Potentilla, Rosa, Rubus, San-

guisorba, Sibbaldia, Spiraea.]

Harborne, J. B. Comparative biochemistry of the flavonoids. viii + 383 pp.

London and New York. 1967. [Flavonoids of the Rosaceae, 154-160.]

Hegi, G. Rosaceae. Illus. Fl. Mittel-Europa 4(2): 662-908. pis. 145-151. 1922;

909-1112b. pis. 152-157. 1923. [Agrimoni.i [khemilla. Amelanchier,

Aruncus. Crataegus. Filipendula, Fragaria, Geum. Potentilla. Prunus. Py-

rus. Rosa. Rubus. Waldsteinia: also see Huber.]

Hess, H. E., E. Landolt, & R. Hirzel. Flora der Schweiz. Vol. 2. 965 pp.

Basel & Stuttgart. 1970. [Rosaceae. 309-480; Agrimonia. Akhemilla.

Amelanchier. Aruncus. Crataegus. Filipendula. Fragaria, Geum, Potentilla,

Prunus, Rosa, Rubus, Sanguisorba, Spiraea.]
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Hilton, R. J., A. S. Jaswal, B. J. E. Teskey, & B. Barabas. Rest period studies
on seeds of Amelanchier, Prunus, and Sorbus. Canad. Jour. PI. Sci. 45:
79-85. 1965.

Hitchcock, C. L., A. Cronquist, M. Ownbey, & J. W. Thompson. Vascular
plants of the Pacific Northwest. Part 3: Saxifragraceae to Ericaceae 614
pp. Seattle. 1961. [Rosaceae, 89-195.]

Huber, H. Die Verwandtschaftsverhaltnisse der Rosifloren. Mitt. Bot. Staats-
sam. Miinchen 5: 1-48. 1963.

. Rosaceae. In: G. Heci, Illus. Fl. Mittel-Europa, ed. 2. 4(2a): 231-438.
pis. 145, 146. 1961-1966. [Conspectus of family with descriptions of 15
tribes and most genera; detailed accounts of Aruncus, Dryas, Filipendula,
Geum. Rubm. \pi,,ui Waldstnnia; Amvtidaku e.ie, Chrvsobalanaceae.
Mespilaceae, and Neuradaceae recognized.]

Hulten, E. The amphi-Atlantic plants and their phytogeographical connec-
tions. Sv. Vet. Akad. Handl. IV. 7(1): 1-340. 1958. [Akhemilla, Fragaria,
Geum. Potent ilia, Rubus.]

. The circumpolar plants. II. Dicotyledons. Ibid. 13(1): 1-463. 1971.
[Aruncus, Geum, Potentilla, Pyrus subgen. Sorbus, Rosa, Rubus.]

Hutchinson, J. The genera of flowering plants. Vol. 1. xii + 516 pp. Lon-
don. 1964. [Rosaceae, 174-216; 20 tribes recognized.]

. Evolution and phylogeny of flowering plants. Dicotyledons: facts and
theory, xxvi + 717 pp. 2 charts. London & New York. 1969. [Rosaceae,
48-64.]

Ikuse, M. Pollen grains of Japan, xii + 303 pp. Frontisp., 76 pis. Tokyo.
1956. [Rosaceae, 86-91, pi. 18.]

Jacobsson-Stlasny, E. Versuch
beitung der Rosaceae. Sitz-bei

Jessen, K. The structure and biology of arctic flowering plants. II. 8. Rosaceae.
Medd. Gr0nl. 37: 1-126. 1913. [Including Akhemilla, Potentilla, Pyrus
subgen. Sorbus, Rubus.]

Juel, H. O. Beitrage zur Bliitenanatomie und zur Systematik der Rosaceen.
Sv

- Yet
- Akad - Handl. II. 58(5): 1-81. 1918. [50 genera examined.]

.
Uber die Blutenanatomie einiger Rosaceen. Nova Acta Soc. Sci. Upsal.

Extra Vol. 1927. 31 pp. 1 pi. 1927. [15 additional genera.]
Kaden, N. N. Evolution of fruit in Rosales. (In Russian; English summary.)

Bull. Soc. Nat. Moscou Biol. 73(2): 127-135. 1968.
Kania, W. Entwicklungsgeschichtliche Untersuchungen an Rosaceenbluten. Bot.

Jahrb. 93: 175-246. 1973. [52 spp. from all 4 subfam. examined.]
Kirchheimer, F. Rosaceae. In: W. Jongmans. ed. Fossil Catal. II. 25: i-

xxxi + 1-259. 1942.
Knobloch, I. W. Intergeneric hybridization in flowering plants. Taxon 21: 97-

103. 1972. [Rosaceae. I and intergeneric hybrids re-

ported in family, incomplete list of intergeneric hybrids.]
Knuth, P. Handbook of flower pollination. Vol. 2. Transl. J. R. A. Davis.

via + 703 pp. London. 1908. [Rosaceae, 342-395. In German ed. cf.

2(1): 345-396; 3(1): 334-347.]
Komarov, V. L., ed. Rosaceae: Spiraeoideae, Pomoideae. Fl URSS 9: xv-xix

+ 279-468, 489-510. 1939 [In Russian; English transl., L. Behrman, Fl.

USSR 9: xv-xix + 215-356. 375-396. Jerusalem. 1971]; Rosaceae: Ro-
soideae, Prunoideae. Ibid. 10: xxiii + 673 pp. 1941 [English transl., R-
Lavoott, Ibid. 10: xii + 512 pp. 1971].
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Lebegue. A. Recherches embryogeniques sur quelques dicotyledones dialype-

tales. Ann. Sci. Nat. Bot. XI. 13: 1-160. 1952.

Li, H. L. Floristic relationships between eastern Asia and eastern North Ameri-

ca. Trans. Am. Philos. Soc. II. 42: 371-420. 1952. [Reprinted, with a new

foreword and additional references, by the Morris Arboretum. Philadelphia.

LOVE, A.. & D. Love. Cytotaxonomy of the alpine vascular plants of Mount

Washington. Univ. Colorado Stud. Biol. 24. 74 pp. 1966. [Amelanchier.

Fragaria, Geum. Potent ilia. Pyrus. Rubus, Spiraea.]

Lubbock, J. A contribution to our knowledge of seedlings. Vol. 1. viii + 60S

pp. London. 1892. | Rosaceae, 476-502; including Agritnonia. Alchemilla.

Crataegus. Geum. Potentilla. Pyrus. Rosa. Rubus. Sattguisorba, Spiraea.]

Martin. A. C. The comparative internal morphology of seeds. Am. Midi. Nat.

36: 513-660. 1946. [Rosaceae (Malaceae and Amygdalaceae), 620-623,

627, 636, 638, 644. 646.]

Martin, P. S.. & C. M. Drew. Additional scanning electron photomicrographs

of Southwestern pollen grains. Jour. Arizona Acad. Sci. 6: 140-161. 1970.

[Coleogyne, Fallugia, Holodiscus, Vauquelinia.]

Metcalfe, C. R., & L. Chalk. Rosaceae (excluding Chrysobalanoideae)
•

Anat.

Dicot.' 1: 539-550. 1950.

Moore, R. J. Index to plant chromosome numbers 1967-1971. Regnum \ eg.

90: 1-539. 1973.

Muller. H. The fertilization of flowers. (English transl. D. \V. Thompson.

preface by Charles Darwin.) xii + 669 pp. London. 1883. [Rosaceae,

221-243.]

Murbeck, S. Untersuchungen iiber das Androeceum der Rosaceen. Lunds Urav.

Arsskr. II. Sect. 2. 37(7): 1-56. 1941.

Pechoutre, F. Contributions a l'etude du developpement de l'ovule et de la

graine des Rosacees. Ann. Sci. Nat. Bot. VIII. 16: 1-158. 1902.

Plouvier. V. Contribution a l'etude biochimique des quelques Rosacees. These.

Fac. Sci. Univ. Paris. 234 pp. Paris. 1941.

Prance. G. T. The genera of Chrysobalanaceae in the southeastern United

States. Jour. Arnold Arb. 51: 521-528. 1970.

Prodinger, M. Das Periderm der Rosaceen in systematischer Beziehung.

Denkschr. Akad. Wien Math. Naturw. 84: 329-383. pis. 1-4. 1908. [In-

cludes all genera in our area.]

Rehder, A. Manual of cultivated trees and shrubs hardy in North America ex-

clusive of the subtropical and warmer temperate regions, ed. 2. xxx -f 996

pp. map. New York. 1940. [Rosaceae, 322-482; Amelanchier, Crataegus,

Neviusia, Physocarpus, Potentilla, Primus, Pyracantha, Pyrus, Rosa, Rubus,

Spiraea.]

Reitsma, R. Pollen morphology of some European Rosaceae. Acta Bot. Neerl.

15: 290-307. pis. 1-3. 1966. [46 spp. in 15 genera.]

Rickett, H. W. Wildflowers of the United States. Vol. 2. The Southeastern

States. Part 1. x 4- 322 pp. pis. 1-116. New York. 1966. [Rosaceae, 183-

196, pis. 66-70.]

Robertson. C. Flowers and insects — Rosaceae and Compositae. Trans. Acad.

Sci. St. Louis 6: 435-480. 1894. \Agnmonia, Amelanchier. Crataegus.

Fragaria, Geum, Potentilla. Prunns. Pyrus. Rosa, Rubus, Spiraea.]

. Flowers and insects. Lists of visitors of four hundred and fifty-three

flowers. 221pp. Carlinville, Illinois. 1928. [Rosaceae 164-175, same

genera as preceding paper plus Aruncus and Porteranthus (as Gtllema).]
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Rodriguez-Barrueco, C.

non-leguminous plants. Bot. Joi

[Cercocarpus, Dryas, Purshia.]

Roemer, T., & W. Rudorf. Handbuch der Pflanzenzikhtung, ed. 2. Vol. 6.

Ziichtung von Gemuse, Obst, Reben und Forstpflanzen. xxxvii + 913 pp.

Berlin & Hamburg. 1962. [Rosaceae, 477-509, 514-722; Fragaria, Prunus,

Pyrus, Rubus.}

Ross-Craig, S. Drawings of British plants. VIII. Rosaceae (1). 40 pis. Lon-

don. 1955. [Dryas, Filipendula, Fragaria, Geum, Potentilla, Prunus, Rubus,

Sibbaldia.'] IX. Rosaceae (2). 39 pis. 1956. [Agrimonia, Alchemilla,

Cotoneaster, Crataegus, Mespilus, Pyrus, Rosa, Sanguisorba.~\

Rouane, M. L. Interet taxinomique des plantules de Rosacees. Bull. Soc. Hist.

Nat. Toulouse 102: 429-435. 1966.

Rouffa, A. S., & J. E. Gunckel. A comparative study of vegetative shoot

apices in the Rosaceae. Am. Jour. Bot. 38: 290-300. 1951.

& . Leaf initiation, origin, and pattern of pith development in

the Rosaceae. Ibid. 301-307.

Rydberg, P. A. Rosaceae. N. Am. Fl. 22: 239-388. 1908; 389-480. 1913; 481-

533. 1918. [Also see series of 14 articles entitled "Notes on Rosaceae" in

Bull. Torrey Bot. Club, vols. 35-50. 1908-1923; Malaceae and Amygdalaceae

not treated.]

Sargent, C. S. Rosaceae to Saxifragaceae. Silva N. Am. 4: 1-141. pis. 148-

197. 1892. [Includes Amelanchier, Crataegus, Prunus, Pyrus.]

. Manual of the trees of North America (exclusive of Mexico), ed. 2.

xxvi + 910 pp. map. Boston & New York. 1922. [Rosaceae, 376-585;

very .complete descriptions.]

Saunders, E. R. Perigyny and carpel polymorphism in some Rosaceae. New
Phytol. 24: 206-224. 1925.

. On carpel polymorphism. I. Ann. Bot. 39: 123-167. 1925; II. Ibid. 41:

569-627. 1927.

Schneider, C. K. Illustriertes Handbuch der Laubholzkunde. Vol. 1. x + 810

pp. 1904-1906. [Spiraeaceae, 440-^99. 1905; Rosaceae, 499-802. 1905,

1906.]

Schulze-Menz, G. K. Rosaceae. In: H. Melchior, A. Engler's Syllabus der

Pflanzenfamilien. ed. 12. 2: 209-218. 1964. [17 tribes in 4 subfamilies;

Chrysobalanaceae and Neuradaceae recognized.]

Stephens, H. A. Trees, shrubs, and woody vines in Kansas, vi + 250 pp.

Lawrence, Kansas. 1969. [Amelanchier, Crataegus, Prunus, Pyrus, Rosa,

Rubus; includes photographs of leaves, bark, buds, flowers, and fruits.]

Sterling, C. Comparative morphology of the carpel in the Rosaceae. I. Pru-

noideae: Prunus, Am. Jour. Bot. 51: 36-44. 1964; II. Maddenia, Pygeum,

Osmaronia. Ibid. 354-360; III. Pomoideae: Crataegus, Hesperomeles,

Mespilus, Osteomeles. Ibid. 705-712; IV. Chamaemeles, Cotoneaster,

Dichotomanthes, Pyracantha. Ibid. 52: 47-54. 1965; V. Amelanchier, Aro-

ma, Malacomeles, Malus, Peraphyllum, Pyrus, Sorbus. Ibid. 418-426; VI.

Eriobotrya, Heteromeles, Photina, Pourthiaea, Raphiolepis, Stranvaesia.

Ibid. 938-946; VII. Chaenomeles, Cydonia, Docynia. Ibid. 53: 225-231.

1966; VIII. Spiraeoideae: Holodisceae, Neillieae, Spiraeeae, Ulmarieae.

Ibid. 521-530; IX. Quillajeae, Sorbarieae. Ibid. 951-960; X. Evaluation

and summary. Osterr. Bot. Zeitschr. 116: 46-54. 1969.

Tarchi, A. M. F. Micrographic comparison of the wood of some Rosaceae. (In

Italian.) Ann. Accad. Ital. Sci. Forest. Florence 9: 57-115. I960*
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Taylor, L. A. Plants used as curatives by certain southeastern tribes. Part I.

Plants used medicinally, xi + 88 pp. Botanical Museum, Harvard Univer-

sity. 1940. [Amelanchier, Porteranthus (as Gillenia) Prunus, Pyrus, Rosa,

Rubus.~]

Taylor, T. M. C. The rose familv of British Columbia. British Columbia Prov.

Mus. Victoria Bull. 30. 223 pp. 1973.

Teppner, H. Zur Kenntnis der Gattung Waidsteima, I. Schlussel zum Bestim-

men von Rosaceen-Pollen einschliesslich ahnlicher Pollenformen aus an-

deren Familien. Phyton Austria 11: 224-238. 1966.

Valentine, D. H., & A. 0. Chater, eds. Rosaceae. In: T. G. Tutin, V. H.

Heywood, et al.. eds., Fl. Europaea 2: 3-80. 1968.

Vines, R. A. Trees, shrubs and woody vines of the Southwest, xii + 1104 pp.

Austin, Texas. 1960. [Rosaceae, 329-490; includes species of Amelanchier,

Crataegus, Physocarpus, Potentilla, Prunus, Pyracantha, Pyrus, Rosa, Ru-

bus, and Spiraea that occur in Arkansas and Louisiana.]

Willis, J. C. A dictionary of the flowering plants and ferns. Ed. 8. (Revised

by H. K. Airy Shaw.) xxii + 1245 pp. + Ixvi pp. (Key to the families

of flowering plants.) Cambridge, England. 1973. [Rosaceae, 1004, 1005;

4 subfamilies and 11 tribes recognized; genera alphabetically arranged.]

Wood, C. E., Jr. Some floristic relationships between the southern Appalachians

and western North America. Pp. 331-404 in P. C. Holt, ed. The distribu-

tional history of the biota of the southern Appalachians. II. Flora. Research

Div. Monogr. 2. Virginia Polytech. Inst State Univ. 1971. [Aruncus.

Sanguisorba, Spiraea, 377; Filipendula, 378; Physocarpus, Rubus, Wald-

sieinia, 390.]

Key to the Subfamilies, Tribes, and Genera of Rosaceae

in the Southeastern United States

Gynoecium of 2 to many carpels (rarely one) ; fruit a follicle, pome, or

achene, or fruit aggregate or accessory with drupelets or achenes; insertion

perigynous to epigynous, the ovaries superior to inferior; ovules various;

styles terminal to nearly basal.

B. Carpels free from the floral cup, although sometimes surrounded by it,

the ovaries superior; fruits follicles, achenes, or drupelets; shrubs or

herbs, unarmed or with prickles.

C. Fruits follicles, sometimes opening on both abaxial and adaxial su-

tures; ovules 2 or more per carpel; endosperm often present; stipules

sometimes absent (subfam. SPIRAEOIDEAE).
D. Seed coat hard, shining; fruits inflated; endosperm abundant;

carpels united at least basally; stipules present (Neillieae).

1. Physocarpus.

D. Seed coat membranaceous or roughened, not hard and shiny:

fruits not inflated; endosperm sparse or abundant; carpels free or

basally united; stipules present or absent.

E. Stipules absent; carpels antepetalous.

tapering at each end, the

sparse (Sptraeeae).

F. Plants shrubs; leaves simple; flowers perfect; carpels !

lately compound;
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flowers mostly imperfect, the plants dioecious; carpels usu-
ally 3(2-5) 3. Aruncus.

E. Stipules prominent, persistent; carpels 5, antesepalous ; seeds
about 5 mm. long, not tapering, the coat hard, roughened; en-
dosperm thick, fleshy (Sorbarieae) 4. Porteranthus.

Fruits indehiscent, a solitary achene or aggregate or accessory with
several to numerous drupelets or achenes; ovules 1 or 2 per carpel;
endosperm nearly always absent; stipules present, infrequently ca-

ducous (subfam. ROSOIDEAE).
G. Carpels several to many, becoming achenes or drupelets on a dry

to fleshy receptacle; floral cup short, not inclosing the fruits.

H. Receptacle flat, with 4-10 carpels in one whorl; fruits large

I. Plants shrubs with simple leaves; flowers large; carpels

usually 4 or 5 (Kerrieae).

J. Leaves opposite; flowers 4-merotis; petals white.

[Rhodotypos.]

J. Leaves alternate; flowers 5-merous.

5. Neviiisia.

K. Petals present, yellow; flowers solitary; calvx lobes

short, entire
. . \Kerria.]

I. Plants perennial herbs with pinnately compound leaves;

flowers small; carpels 5-15 (Ulmarieae)

6. Filipenditk.
H. Receptacle convex, with many carpels in several scries (rarely

5-10, the plants then with both petaliferous and apetalous
flowers)

;
fruits small achenes or drupelets, in some aggregate

or accessory.

L. Plants shrubs with or without prickles, rarely woody vines

or perennial herbs; leaves of the herbaceous forms palmate-
ly veined and cordate at base: fruits aggregate, of fleshy or

rarely dryish, 1 -seeded drupelets; each carpel with 2 ovules;

calyx ebracteate (Rubeae).
M. Plants shrubs with erect, arching, or trailing stems;

leaves compound or simple and palmately lobed; car-

pels numerous, becoming uiiYv drupelets; flowers petalif-

erous 7. Rubus.
M. Plants low, creeping evergreen, perennial herbs; leaves

simple, with crenate margins and cordate bases; car-

pels 5-10, becoming achene-like drupelets; flowers of 2

types, petaliferous and apetalous 8. Dalibarda.
L. Perennial herbs with pinnately or palmately compound

leaves; fruits small achenes; carpels with one ovule; calyx

usually with an epicalyx.

N. Styles basal to subterminal, deciduous, or if persistent,

the insertion lateral, not geniculate or plumose above;
ovules anatropous and pendulous, ascending, or descend-
ing; receptacle dry or fleshy in fruit (Fragarieae).
O. Receptacle enlarging reel and tlediv in fruit: leaves
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P. Flowers white; epiealyx lobes en

O. Receptacle

foliolate. or

N. Styles terminal

G. Carpels 1 to many, becoming achenes inclosed by the dry or fleshy

floral cup.

R. Plants herbaceous; petals small or absent; carpels 1-4; floral

cup dry in fruit (Sanguisorbeae).

S. Floral cup armed with hooked bristles; petals present;

leaves imparipinnate with large leaflets interspersed with

smaller ones W. Apmoma.

S. Floral cup not armed; petals absent; leaves simple or im-

paripinnate with ± equal leaflets.

T. Plants tiny annuals; leaves simple, palmately lobed or

dissected; stamen one; flowers perfect, in few-flowered

sessile cymules 15
-
Ali ~'

:
'
" : " /,:

-

T. Plants perennials or moderate-sized, erect annuals;

leaves imparipinnate; stamens 4-12; flowers often im-

perfect, crowded in dense heads or spikes at the tips

of long peduncles 16. Sfi

R. Plants shrubs with prickles; flowers showy; carpels usually nu-

merous, lining the base or sides of the fleshy floral cup <Rn-

B. Carpels surrounded by and adnate to the floral cup, the ovaries partly to

completely inferior; fruit a pome; shrubs or trees, often armed with

thorns (subfam. MALOIDEAE).
U. Endocarps becoming hard in fruit, the pomes usually with S stones

(endocarps) ; thorns commonly numerous.

V. Shrubs with crenate-margined leaves; stipules cadu

often 2-seeded »
V. Shrubs or trees with lobed and/or toothed leaves; stipules per-

sistent; stones 1-seeded

U. Endocarps becoming

fruit, the pomes with

W. Flowers in rather elongated racemes; petals obovate to lanceolate.

not clawed: - appearing to be 10-locular;

leaves serrate-margined or rarely entire. 20. Amelanchier.

W. Flowers in umbel-like racemes or few- to many-flowered corymbs;
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Gynoecium of one

superior; ovules

DEAE)

Subfam. SPIRAEOIDEAE Endlicher, "Subordo Spiraeaceae"

About 20 genera in five tribes; in our area four genera representing

three tribes. Most genera of Spiraeoideae are small and of limited geo-

graphical distribution; only Physocarpus, Spiraea, and Aruncus occur in

both the Old and New worlds. Spiraea is the largest genus with about
50 species. None of the other genera exceeds 15 species, and eight are

either monotypic or have only two species. Porteranthus is endemic to

eastern North America, seven genera are confined to western North Ameri-
ca, two are South American, and six are Asiatic. The two tribes that do
not occur in the southeastern United States are Quillajeae, with Quillaja

Molina (3-6 spp. of South America), Kageneckia Ruiz & Pavon (3-6
spp. of temperate South America), and Vauquelinia Correa ex HBK. (8-

10 spp. of the southwestern United States and Mexico) ; and Exochor-
deae, with Exochorda Lindley (about 5 spp. of central and eastern Asia)
and Lindleya HBK. (2 spp. of Mexico). The relationships of Holodiscus
(K. Koch) Maxim, (about 6 spp., British Columbia to Bolivia) are un-
clear; the genus has been placed in the Spiraeeae, in a distinct tribe of

Spiraeoideae or Rosoideae, or considered to be transitional between the

two subfamilies. Lyonothamnus floribundus Gray, In = 54, of four

offshore islands of southern California, has been included in tribes Sor-
barieae and Quillajeae.

References for Spiraeoideae:

Cambessedes, J. Monographic du genre Spiraea; precedee de quelques con-
siderations sur la famille des Rosacees. Ann. Sci. Nat. 1: 225-243. 1824;
Monographic des Spirees. Ibid. 352-392. pis. 15-17, 25-28. Reprinted
with continuous pagination 1-58 + pis. 15-17, 25-28. Paris. 1824.

Maximowicz, C. J. Adnotationes de Spiraeaceis. Acta Horti Petrop. 6: xi +
105-261. 1879.

Zabel, H. Die strauchigen Spiraen unserer Garten, iv + 128 pp. Berlin. 1893.

Tribe Neillieae Maximowicz

1. Physocarpus (Cambessedes) Rafinesque, New Fl. N. Am. 3: 73.

1838 (Jan.-Mar.), uPhysocarpa ,,

\ corr. Maximowicz, Acta Horti
Petrop. 6: 219. 1879, nom. cons. 2

-y.pi-



1974] ROBERTSON. GENERA OF ROSACEAE 317

Deciduous shrubs with erect or spreading principal branches and terete

or slightly 5-angled short lateral branches; bark in several layers, the
outer peeling off in longitudinal strips; buds small, solitary, sessile; indu-

mentum of stellate trichomes, very variable in density. Leaves simple, al-

ternate, distinctly petiolate; blades dentate, palmately 3-5-lobed, with
the center lobe usually larger than the lateral ones, the blades of vegetative

branches longer and more strongly divided than those of flowering

branches, the blades of immature leaves often unlobed; leaf scars elevated,

semielliptic and ± 3-lobed with 5 bundle traces; stipules linear, deciduous.

Inflorescences many-flowered, bracteate, umbel-like corymbs [panicles, or

racemes] terminating lateral branches of the current year. Calyx ebrac-

teolate, the 5 lobes spreading to reflexed, persistent, valvate in aestivation;

floral cup hemispheric, free of the carpels. Petals 5, white to pink-

ish, spreading, deciduous, suborbicular, perigynous at the edge of the

floral cup. Androecium of 20^0 exserted stamens; filaments long, fili-

form, equal [or alternate filaments shorter |. arising from a nectar ring

that surrounds the mouth of the floral cup, some persistent; anthers small.

Gynoecium of 3-5 [1], shortly stipitate carpels, antepetalous when 5,

united at the bases [or for more than half their length] ; styles terminal,

elongated, the lower part persistent as a beak on the fruit; stigmas subcapi-

tate; each carpel with 2-4 superposed ovules on an adaxial placenta, the

upper ascending, with the micropyle inferior, the lower pendulous, with
the micropyle superior. Fruits firm-walled, ± inflated, few-seeded fol-

licles, often dehiscent along both adaxial and abaxial sutures. Seeds

obliquely pyriform, the seed coat hard, shining; endosperm copious; em-
bryo spatulate, the cotyledons plano-convex, the radicle inferior or su-

perior. Base chromosome number 9. {Spiraea sect. Physocarpos Camb.,
Opulaster Medicus ex Schneider; including Epkostorus Raf.) Type
species: Spiraea opulijolia L. = P. opulijolius (L.) Raf. 3 (Name from
Greek, physa, a bladder or pair of bellows, and karpos, a fruit, in refer-

to the inflated follicles.)

—

Ninebark.

Six or more species with an Arcto-Tertiary distribution: Physocarpus

opulijolius (L.) Raf. in eastern North America, about four species in the

Cordillera of western North America, and P. amurensis Maxim, in Man-
churia and Korea. Most species occur in moist, rocky habitats in foot-

augh five species (three supposedly endemic) have been reported

jr area, there appears to be only a single, more or less polymorphic

Physocarpus opulijolius, In = 18. that ranges from extreme north-

•rida and adjacent Georgia, northward to Maine, Nova Scotia, and

(Taxon 22: 156. 1973).

jrams (Illus. Fl. Pacific States 2: 4

murensis Maxim. ; lectotypification i

series referred by Cambessedes to 1
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Physocarpus. a-e. /' - pnl f >lius i (lowering branchlet, X 1/2; b,

tamens (not fully expanded) inserted on nectar ring, X 5; c, flower

section to show placentation and floral cup, most of staminal fila-

^ed, X 6; d, mature fruit after dehiscence, the follicles open, X 3;

James Bay, westward to Arkansas, southeastern Kansas, Missouri, Iowa,

and Minnesota, and that also occurs disjunctly in the Black Hills of South

Dakota and in central Colorado. This species is particularly variable in

indumentum density and persistence, and certain variations are to some

degree geographically restricted. Almost glabrous plants are most com-

mon in the northeastern United States and adjacent Canada and occur

west to Minnesota and south to Georgia but are absent in the Midwest.

Plants with pubescent pedicels and sepals and glabrous follicles are the

commonest form in most of the eastern United States. Toward the Mid-

west and South, pubescence of leaves, young branches, pedicels, sepals,

and follicles increases in density. Plants with varying degrees of pu-

bescence have been segregated as P. intermedins (Rydb.) Schneider (P.

opulijolius var. intermedius (Rydb.) Robinson = ? var. tomentellus

(Seringe ex DC.) Boivin), Opulaster alabamensis Rydb., and P. stellatus

(Rydb.) Rehder. The mature follicles are variable in shape and size;

Rydberg distinguished those plants with small, abruptly acute follicles as

Opulaster australis (P. australis (Rydb.) Rehder).
Characteristic plants of Physocarpus opulijolius in the eastern United

States have obtuse to acute or rarely acuminate leaf dentation (leaves of

the vegetative branches generally have sharper teeth than those of the

flowering stems). Toward the west, and to some degree toward the

south, the teeth are more acute or (commonly) acuminate. All Twentieth
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Century floras and treatments of the genus recognize as distinct the west-
ern P. capitatus (Pursh) Kuntze (southern Alaska to coastal southern
California; mostly west of the Cascade Mountains, but disjunct in north-
ern Idaho), 2« = 18, which differs from P. opulijolius in the consistently
acute or acuminate leaf toothing and slightly larger flowers, follicles, and
seeds. The Asian P. amurensis also differs from P. opulijolius by virtual-

ly the same characteristics. It needs to be ascertained whether these three
taxa are actually conspecific. Evidently much could be learned from bio-
metric studies of the variations found in species of Physocarpus.

Other generic names have been applied to this genus. Physocarpus was
considered by Bentham & Hooker to be congeneric with Neillia, and this

interpretation was followed by both Greene and Jones. Today however,
these two genera are recognized as distinct. Opulaster Medicus (Pfl.

Anat. 109. 1799) was adopted by Schneider and by Rydberg and used in

several subsequent floras, but this name was a nomen nudum that was
validated by Schneider. In addition to Physocarpus, Rafinesque pub-
lished two other generic names that involve this genus, Icotorus (Bull.

Bot. Seringe 1: 216. 1830), a nomen nudum, and Epicostorus (see foot-

note 2).

The genus is separable into two more or less distinct groups. Physo-
carpus opulijolius, P. capitatus, and P. amurensis comprise one group with
the carpels usually numbering three to five (rarely fewer) and united
only at the bases. Members of the other group, including P. alternans

(M. E. Jones) J. T. Howell, P. monogynus (Torrey) Coulter, and P.

malvaceus (Greene) Kuntze, all of western North America, have either

solitary carpels or two (rarely to five) carpels united at least half their

lengths. The species in both groups are variable and sometimes difficult

to distinguish; numerous segregate species have been proposed.

Physocarpus, Neillia D. Don (10 to 13 species of the Himalayas to

eastern Asia and Java and Sumatra), and Stephanandra Sieb. & Zucc. (4
or 5 species of eastern Asia) comprise the tribe Neillieae, characterized

by the presence of stipules, carpels (when more than one) united at least

basally, hard and shining seed coats, and abundant endosperm. Hutch-
inson included Guamatela Donn. Sm. (monotypic; Guatemala) in this

tribe, although it differs from the other three genera in the free carpels and
absence of endosperm.

Species of Physocarpus are cultivated as ornamentals under the name
"Ninebark," in reference to the layered, peeling bark, and there are

several named cultivars of P. opulijolius. The plants are attractive, al-

though not very showy, and are grown primarily in botanic gardens, in

parks, and on campuses. Physocarpus opulijolius has become ]

in parts of Europe.

References :
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Tribe Spiraeeae Jussieu 4

2. Spiraea Linnaeus, Sp. PI. 1: 489. 1753; Gen. PL ed. 5. 216. 1754.
Deciduous shrubs with numerous erect, reclining, or ascending stems,

mostly unbranched below the inflorescence to diffusely branched ; branches
terete, sometimes angled from the nodes, with a small, round, continuous
pith; buds small, solitary for collaterally multiplied], sessile, with 2-8
exposed scales; indumentum of simple trichomes, variable in density.
Leaves simple, alternate, shortly petiolate to subsessile; blades ovate, el-

liptic, or obovate with dentate, entire for lobed] margins; leaf scars
minute, strongly elevated, semicircular or crescent shaped with 1 bundle
trace; stipules generally absent. Inflorescences many-flowered, bracteate,
compact panicles, compound for simple] corymbs fracemes or umbels]
terminal on branches of the current year for lateral from buds of the pre-
ceding year's growth]. Flowers small, perfect f rarely imperfect, the plants
polygamous]. Calyx ebracteolate, the 5 lobes short, triangular, erect or
spreading, deciduous in fruit or persistent, valvate or slightly imbricate in

aestivation; floral cup hemispheric, campanulate, or turbinate, free from
the carpels. Petals white to rose, widely spreading, equal suborbicular to

obovate with slightly undulate or uneven margins, very shortly clawed,
deciduous, imbricate or contorted, inserted at the outer edge of the nectar
ring. Androecium of 15 to many exserted stamens; filaments slender, un-
equal in length, free except at the base, inserted in one to several series
at the edge of the floral cup between the perianth and a usually prominent,
fleshy nectar ring that surrounds the mouth of the floral cup. Gynoecium
usually of 5, free, antepetalous, superior carpels; styles terminal or sub-
terminal, elongated, forming a beak on the fruit; stigmas capitate-discoid:
each carpel with 2 to several anatropous ovules pendulous from an adaxial
placenta, the micropyle superior. Fruits firm-walled, few-seeded follicles

completely dehiscent along the adaxial suture and apically on the abaxial
suture. Seeds small, linear or oblong, tapered at each end; seed coat mem-

4 Rank assigned by Cambessedes, Monogr. Spiraea, 5. 1824.
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branaceous, areolate-scalariform; endosperm absent or scarce; embryo

elongate, the cotyledons oblong, the radicle superior. Lectotype species:

S. salinfolia L.; see P. A. Rydberg. N. Am. El. 22: 245. 1908. (Name
from Greek speiraia, used by Theophrastus for a shrub [apparently privet.

Ligustrum vulgare] and applied by Clusius. Tournefort. and Linnaeus to

this rosaceous genus.) — Spirea.

and Asia. Probably fewer than SO species are currently recognized, al-

though recent estimates range from 70 to 120 species. About ten indigenous

and six or more naturalized species occur in North America; six (including

one introduced) occur in our area. Spiraea Hartwegiana Rydberg (S.

parvijolia Bentham non Raf.), endemic to the highlands of south-central

Mexico, is quite different from other species of the genus, and its rela-

tionships are obscure.

Section Spiraea (Spiraria Seringe in DC.) (inflorescence an elongate

panicle or raceme terminating a long shoot) is represented in our area

by three species. Spiraea tomentosa L., hardhack or steeple bush. In =

24, occurs in low, moist, open, usually infertile habitats with acidic soils

such as bogs, low meadows, and woodland borders from Prince Edward

Island, Nova Scotia, and New Brunswick to Ontario. Manitoba. Michigan,

and Minnesota southward to the Carolinas, northern Georgia, Tennessee,

southeastern Missouri. Arkansas, and Kansas. The characteristically

abaxially densely tomentose leaves and large, spirelike inflorescences give

most individuals of this species a striking appearance. The flowers have

reflexed calyx lobes, lack nectar rings, and are usually rose colored, al-

though a white-flowered form is known. Plants occurring inland with

the flowers loosely clustered on the inflorescence branches have been segre-

gated as var. rosea (Raf.) Fernald. but there is complete intergradation

with the typical variety. Spiraea subcanescens Rydb., described from

South Carolina, is evidently a spontaneous hybrid between S. tomentosa

and S. alba. Artificial hybrids between 5. tomentosa and the S. Douglasii-

S. Menziesii group of western North America are known.

Spiraea alba DuRoi and S. latijolia (Aiton) Borkh.. both commonly

called meadowsweet, are distinguished from 5. tomentosa by their nearly

glabrous leaves, usually white flowers, spreading calyx lobes, and the

presence of a prominent nectar ring at the base of the filaments. Spiraea

alba, 2n = 36, occurs in moist open habitats, primarily to the west of

the Appalachian Mountains, from extreme northwestern Vermont, western

New York and southern Quebec to Michigan and Alberta, south to western

North Carolina. Missouri, and South Dakota. This species is set off from

S. latifolia by its yellowish-brown, rather than reddish, stems; finely ser-

rate and rather narrow leaves, instead of coarsely-toothed broader ones;

thyrsoid. instead of open-pyramidal, inflorescences; and strongly pubescent,

rather than mostly glabrous, inflorescence branches. Also preferring moist

conditions, but occurring primarily in and east of the Appalachians. S.
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latifolia (S. alba var. latifolia (Alton) Ahles), In = 36, ranges from New-
foundland to North Carolina. Low plants with dense, cylindric to ovoid
inflorescences lacking elongate lower branches and occurring in subarctic
and alpine regions from Newfoundland, southern Labrador, and the Un-
gava district, south to the New England mountains, have been distinguished
as var. septentnonalis Fernald (S. septentrionalis (Fernald) Love & Love).
This variety has also been reported from the Keweenaw Peninsula of
Michigan and the mountains of northern Virginia. A chromosome num-
ber of In = 54 is known from populations on Mt. Washington. New
Hampshire, and Hawksbill Mountain, Page Co., Virginia. The voucher
specimen from Virginia (Baldwin 5601, gh) is, however, quite different
in appearance from northern plants of this variety. In a study of variationm S. alba and 5. latifolia, Kugel concluded that the two represent distinct
species that hybridize extensively, especially in the region between the
Straits of Mackinac and Lake Abitibi, and introgress toward both extremes.

Spiraea sahcifolia L., 2n = 36, is a Eurasian member of this section
reportedly escaping from cultivation in the eastern United States and
differing from the very similar S. alba by its usually pink flowers and its
leaves broadest below, rather than above, the middle The variations
found m S. tomentosa, S. alba, and 5. latifolia are paralleled to some de-
gree in 5. Douglasii Hooker, In = 36, of western North America in its
vars. Douglasii, roseata (Rydb.) C. L. Hitchc, and Menziesii (Hooker)

Section Calospira K. Koch (inflorescence a compound corymb terminat-
ing a long shoot) is represented in our area by two indigenous and one
introduced species. Spiraea virginiana Britton is a rare species of rocky
stream banks endemic to the mountains of West Virginia, western North
Carolina, and eastern Tennessee. This distinctive species is a much-
branched shrub with nearly entire, obovate leaves and glaucous pedicels and
floral cups.

*

Spiraea betulifolia Pallas var. corymbosa (Raf.) Wenzig, In = 21, 36,
a low, often rhizomatous shrub with simple or seldom-branched erect
stems, coarsely serrate, broadly ovate or elliptic leaves, and often pu-
bescent pedicels, occurs along stream banks and in rocky places in the
mountains from northern New Jersey and Pennsylvania to West Virginia,
Kentucky, North Carolina, Alabama, and Georgia. Plants with larger,
apically truncate leaves and pink flowers have been recognized as f. Campii
*osberg. Vanetas lucida (Douglas ex Greene) C. L. Hitchcock (S. lucida
Uouglas ex Greene; S. betulifolia sensu Hulten), 2n = 36, ranges from

r !tJ ?
a and Saskatchewan, south to Oregon, Wyoming, and

North Dakota, and var. betulifolia occurs in eastern Siberia, Kamchatka,
northeastern China, and Japan. The affinities of these three taxa have long
been known, although they are often recognized at ranks other than that
oi variety

( see discussions in Fosberg, Greene, Hitchcock et al., Hulten,
and Komarov). Most characters used to distinguish the three such as
inaumentum density, sepals reflexed or erect in fruit, and the position
of the stylar beak on the follicles, are too variable to be diagnostic. How-
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ever, the North American varieties are rhizomatous (var. lueida more

strongly so than var. corymbosa) . and the plants usually are larger than

those of var. betulifolia. the branches of which are said to arise from dense,

globose crowns. Spiraea Stcvniii (Schneider) Rydh. (N. Beaweerdiana

auct.. non Schneider, see Uttal, Bull. Torrey Bot. Club 100: 23r,. 237.

1973), In = 18, is evidently a closely related, but distinct, species dis-

tributed from eastern Siberia and Kamchatka to Alaska and the Yukon.

Spiraea japonica L. f.. In = 18. 36, characterized by long-acuminate

and sharply serrate leaves and conspicuously pubescent pedicels and floral

cups, is locally naturalized from New England to Georgia. Among other

species assigned to sect. Calospira are 5. densiflora Nutt. ex T. & G.

(northwestern North America), In = 18, S. decumbens Koch in Riihling

(southeastern Alps), and 5. Baldschuanka B. Fedtsch. (Central Asia):

Rehder lists 17 additional species that are mostly of China and the Hima-

The twenty or more species of sect. Chamaedryon Seringe in DC.

(subg. Nothospiraea Zabel) (inflorescence a simple corymb or umbel

terminating a short, lateral shoot or sessile on a long shoot) are native to

central and eastern Europe and Asia. A number of them, including Spiraea

chamaedryfolia L., In = 18, 36. 5. prunifolia Sieb. & Zucc, In = 18.

5. Thunbergii Sieb., and 5. X Vanhouttci (Briot) Zabel. are commonly

cultivated in the eastern States and sometimes persist afterward.

Tribe Spiraeeae, delimited by the usual absence of stipules and by free

or basally united, antepetalous (when 5) carpels, wingless seeds, mem-

branaceous seed coats, and the sparse development of endosperm, is com-

posed of six genera: Spiraea. Aruncus L.. Petrophytum (Nutt. ex T. &

G.) Rvdb. (three species of western North America). Kelseya (Watson)

Rydb. (K. uniflora (Watson) Rydb.. of Montana, Idaho, and Wyoming).

Luetkea Bongard (L. pectinata (Pursh) Kuntze, of northwestern North

America), and Sibiraea Maxim, (two to six species of northwestern Eu-

rope and Asia). Apopetalum Pax (one species of Bolivia), sometimes re-

ferred to this tribe, is a synonym of Brunellia Ruiz & Pavon. of the Bru-

nelliaceae.

The basic taxonomic works on Spiraea are by Cambessedes (1824),

Maximowicz (1879). Zabel (1893), and Schneider (1905). All are quite

out of date, and a modern revision using biosystematic. as well as classi-

cal, methodology is needed. Huber has recently indicated that

tomary division of the genus into thre

frageneric relationships, and he assigns the indigenous

species of Central Europe to nine species groups.

Reported sporophytic chromosome numbers in Spiraea, sensu stricto,

are 10, 18, 27. 36, and 54. with a basic number of 9. All species of sect.

Spiraea are tetraploid {In = 36) except for the hexaploid S. lati folia

var. septentrionalis. The Old World members of sect. Calospira are most-

ly diploids, while the New World species are predominantly tetraploids.

Plants of 5. Stcvenii (eastern Russia) and the very closely related

5. densiflora (northwestern North America) are diploid. Both diploid and
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tetraploid plants are known in S. japonica. Sax reported a triploid culti-

vated plant of S. betulijolia var. corymbosa, and Baldwin found two tetra-

ploid populations of this variety in Virginia. Most species of sect. Cha-
maedryon are diploid, although S. myrtilloides Rehder is hexaploid, 5.

chamaedryjolia var. ulmijolia is tetraploid, and S. media has been reported

as In = 10 and 18.

Sterility barriers are not well developed in the genus, and artificial

crosses have been made between both species belonging to different sections

and species native to the Old and New worlds. Rehder (1940) listed hy-

brids involving all species in our area, except S. virginiana. Hybridization in

nature, however, is infrequent, since the species are often geographically,

ecologically, or phenologically isolated. Evidence has recently been pre-

sented by Hess that shows rather conclusively the hybrid origin of S.

pyramidata Greene (S. Douglasii var. Menziesii X 5. betulijolia var. lu-

cida). As previously mentioned, S. alba and 5. latifolia are thought to

hybridize extensively toward the northern limits of their ranges.
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Russian.) Bot. Zhur. 51: 1500-1506. 1966. [25 spp.; maps.]

Webb. J. E. A morphological study of the flower and embryo of Spiraea. Bot.

Gaz. 33: 451-460. 1901. [Plants misidentified ; see Rehder.]

Wiegand, K. M. Some varieties of Potamogeton and Spiraea. Rhodora 2: 102-

104. 1900. [5. salicifolia and var. latifolia.]

Zhungietu, I. I. Morphogenesis of shrub Spiraea japonica L. f. (In Russian.)

Biull. Glavn G..t ".vid.i M.-ko\a 75: 71-74. 1970.

3. Aruncus Linnaeus, Opera Varia 259. 1758. 5

Perennial herbs with several tall stems, largely unbranched below the

inflorescence, arising from crowns on a thick, woody, branched rhizome;

cortex fibrous with the vascular bundles forming a ± continuous, tough

ring that surrounds a large, whitish, soft, spongy pith; indumentum of

simple, recurved trichomes, variable in density. Leaves alternate, large,

compound, irregularly ternate. imparibipinnate, or imparitripinnate, usu-

ally long petiolate. the petiolar bases half sheathing the stems: leaflets

doubly serrate and sometimes lobed or subdivided, long petiolulate; stip-

sae), Barneby (Taxon 14: 163. 1965) argued that "the adoption by

pirated edition of an opinion which Linnaeus had roundly and repeatedly

his mature judgment cannot be tolerated; or if tolerated it cannot be at-

Linnaeus." However, such complications are unavoidable with an arbi-
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ules absent. Inflorescences of numerous racemes organized in large, ter-

minal panicles, bracteate, each pedicel with a bracteole. Flowers white or

greenish, quite small, imperfect or rarely perfect and the plants dioecious

to polygamodioecious. Calyx lobes 5, short, triangular, spreading, per-

sistent in fruit, valvate in aestivation; floral cup shallow, basin shaped.

Petals 5, obovate to elliptic, narrowed or shortly clawed at the bases, the

apices obtuse, imbricate or contorted, inserted at the edge of the floral

cup. Staminate flowers with an androecium of usually 20 (15-30) exserted

stamens; filaments slender, unequal in length, free, inserted in a single

series at the edge of the floral cup between the calyx and a fleshy nectar

ring that surrounds the mouth of the cup; anthers small; several vestigial

carpels present. Carpellate flowers smaller, with a gynoecium of 3 (2-5,

antepetalous when 5) free carpels; styles short, terminal, forming a beak
on the fruit; stigmas capitate-discoid; each carpel with few anatropous
ovules pendulous from an adaxial ventral placenta, the micropyle su-

perior; rudimentary stamens present; nectar ring scarcely developed. Fol-

licles as numerous as the carpels, shining, completely dehiscent along the

adaxial suture and apically along the abaxial one. the pedicels recurving

and inverting the fruits. Seeds 2-A, small, the seed coat loose, membrana-
ceous, caudate at both ends, scalariform-reticulate; endosperm scanty;

embryo spathulate. Type species; Spiraea Aruncus L. = A. dioicus

(Walter) Fernald. (Latin name from Greek, aryngos, goat's beard, first

used by Pliny; pre-Linnaean authors called the genus Barba caprae.) —
Goat's beard.

A single polymorphic species disjunct in mountainous regions of the

North Temperate and Subarctic zones, occuring in the eastern United
States, Pacific North America, Alaska and the Aleutian Islands, central

and eastern Europe, eastern Siberia to Kamchatka, eastern China, and
Japan.

In eastern North America, Aruncus dioicus is found in or along the

margins of rich woods, moist or rocky woodlands, bluffs, and ravines in

mountainous or hilly terrain from Pennsylvania, west to Illinois, Iowa,

and Missouri, and south to the Carolinas, northern Georgia, Alabama,
Arkansas, and Oklahoma. In the eastern part of its range, most plants

have rather lustrous foliage, glabrous or scarcely pubescent lower leaf sur-

faces and rather broad, ovoid follicles; these plants represent var. dioicus

(A. allegheniensis Rydb.). Varietas pubescens (Rydb.) Fernald, with dull

foliage, mostly pubescent lower leaf surfaces, and narrower, subcylindric

follicles, is the predominant form in the Midwest, particularly in the

Ozark Mountains, but such plants occur as far east as West Virginia.

These two varieties intergrade completely, and it is questionable whether

they should be maintained.

The variability within the genus is reflected by the number of segre-

gate species that have been proposed. Rydberg recognized five in North

America, and, in the Flora of the USSR. Pojarkova (see Komarov) dis-

tinguished four species. More recently, Hara (1955) and Tutin (1967)
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have considered Aruncus to be composed of a single, polymorphic species,

Hara recognizing thirteen varieties, one of which he subsequently ele-

vated to subspecific status. Varietas acuminatus (Rydb.) Hara, ranging
from northwestern California to Alaska and differing from vars. dioicus
and pubescens by the shorter stylar beaks and larger follicles and seeds,
is very similar to var. vulgaris (Raf. ex Maxim.) Hara {A. vulgaris Raf.
ex Maxim.; A. Aruncus (L.) Karst.; A. Sylvester Kostel., nom. nud.), of
Central Europe.

In our area, Aruncus dioicus and Astilbe biternata (Saxifragaceae) are
examples of convergent evolution, both species having a remarkably similar
aspect and being especially alike in habit and leaf and inflorescence
morphology. Both occur in the same habitats and can grow side by
side, although Astilbe biternata has a more restricted range (Virginia and
West Virginia to Georgia and Tennessee). This strong resemblance is

superficial, however, and Astilbe biternata differs from Aruncus dioicus
by its glandular, rather than simple, trichomes; ten, rather than twenty,
stamens; two partly united, rather than three or four free, carpels; and
many-seeded follicles about 4 mm. long, rather than two- to four-seeded
follicles less than 2.5 mm. long. Like Aruncus, Astilbe is particularly
variable in Asia, and over twenty species have been described from
China, Japan, and the Himalayas. The degree of convergence between
Asiatic species of Astilbe and varieties of Aruncus dioicus has not yet
been studied.

The flowers of Aruncus dioicus are mostly functionally imperfect and
the plants dioecious. Carpellate flowers have rudimentary stamens, while
staminate flowers have vestigial carpels that occasionally develop fully in

certain flowers of a staminate inflorescence and set fruit. Bond found
that perfect flowers occur together in groups toward the apices of the
racemes or that entire secondary panicles sometimes contain only perfect
flowers. Seeds from fruit developing from perfect flowers give rise to

staminate plants that always produce some perfect flowers. Observations on
a living plant in the Arnold Arboretum indicate that plants with perfect
flowers are self compatible. Thus far, perfect flowers are not known to

occur in carpellate inflorescences. Hara reports that subsp. triternatus
(Wall.) Hara, of the Himalayas, tends to have perfect flowers.
Reported chromosome numbers for Aruncus are In = 14, 16, 18, 36,

and 42, with 18 the most common. Polyploidy is evidently very infre-

quent. The only counts from North American plants (from British Co-
lumbia) are In = 18.

Aruncus dioicus is commonly grown for its showy inflorescences (be-
cause of their larger flowers, staminate plants are the better suited for

cultivation). The leaves and flowers have been used as fever-reducing
agents. A cyanogenic glucoside is supposedly present in all parts of the

References:

Consult subfamily references. Under family references see Hara, Hegi, Hess
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S e p H. Untersuchungen uber den Habitus von Aruncus. Astilbe und

einiger ahnlicher Pflanzen. Beitr. Biol. Pflanzen 46: 371-387. 1970.

Tutin, T. G. Aruncus. In: V. H. Heywood, ed.. Notulae systematicae ad Flor-

am Europaeam spectantes. Repert. Sp. Nov. 74: 25. 1967. [Genus has but

one variable species. A. dioicus.]

Webb, J. E. A morphological study of the flower and embryo of Spiraea. Bot.

Gaz. 33: 451-460. 1901. [5. astilboides planiflora is Aruncus: see A. Reh-

der, Bot. Gaz. 34: 246. 1902.]

Tribe Sorbarieae Rydberg

4. Porteranthus Britton. Mem. Torrey Bot. Club 4: 115. pis. 76, 77.

1894.

Perennial herbs with one or more principal stems arising from woody

horizontal rhizomes, lateral branches none or few below the inflorescence;

roots with thick periderm, the larger ones often helical; indumentum of

simple, glandular, and (on the sepals) stellate trichomes. Leaves alter-

nate, trifoliolate or simple (in the inflorescence), sessile or shortly petiolate;

leaflets subsessile. serrate with glandular-tipped teeth (leaflets of the low-

er leaves pinnately dentate or divided in P. stipulates) ; stipules persistent,

subulate or foliaceous and easily mistaken for 2 extra leaflets. Inflores-

cences terminal, loose, long-pedicellate, several-flowered panicles. Flow-

ers white to pinkish, slightly irregular. Calyx ebracteolate, the 5 lobes

erect, persistent, imbricate in aestivation; floral tube cylindric to slight-

ly campanulate or urceolate, 10-nerved, free from the carpels, nectar ring

not evident. Petals spreading somewhat, slightly unequal, linear to nar-

rowly oblanceolate, clawed, deciduous, convolute in bud, perigynously

inserted at the edge of the floral tube. Androecium of 20 (rarely more or
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FrcuRE 3. Porteranthus. a-k, P. trijoliatus: a, upper part o
-note small stipules, X 1/4; b, flower bud. petals contorted. X 3; c, flower,

etal-arrangement somewhat zygomorphic by lateral displacement, X 2; d,

lightly off-center vertical section of floral tube to show attachment of petals
nd stamens, X 5 ; e, base of floral cup and gynoecium in diagrammatic vertical

ection to show ovules, the micropyle inferior, X 6 ; f
,
gynoecium in semidiagram-

natic cross section showing the 5 adpressed, but distinct, carpels, each with 2

12; g, tip of style with stigmatic papillae, X 25; h, mature, undehisced
X 3; i, abaxial surface of an open ire partly split,

X 3; j, seed, X 6; k, seed in vertical section, seed coat thick (white), endo-
sperm abundant (stippled), embryo small (unshaded), X 6 1-n, P. stipula-

leaf surface-
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fewer) included or scarcely exserted stamens, ten in the upper whorl, 5

in the middle, antepetalous whorl, and 5 in the lower, antesepalous whorl;

filaments short, incurved, free, perigynous on the floral tube; anthers

rather large. Gynoecium superior, of 5 antesepalous carpels, ± connate

at first, becoming distinct in fruit; styles terminal, punctiform; each car-

pel with 2-4 ascending anatropous ovules on a single adaxial and basal

placenta, the micropyle inferior. Follicles rupturing the floral tube. 1

to few seeded, dehiscing completely on the adaxial suture and partially

on the abaxial one. Seeds ovoid or ellipsoid, rugulose or verruculose, endo-

sperm thick, fleshy; embryo spathulate, the cotyledons linear-oblong, flat,

the radicle inferior. (Gillenia Moench. 1S02. nun Gillcna Adanson, 1763). 6

Type species: P. trijoliatus (L.) Britton. (Name commemorating T. C.

Porter, 1822-1901, botanist at Lafayette College.) — Indian physic.

Two very distinct species restricted to eastern North America, Porteran-

thus trijoliatus {Gillenia trifoliate. (L.) Moench) and P. stipulatus (Muhl.

ex Willd.) Britton (G. stipulate (Muhl. ex Willd.) Baillon; Spiraea sti-

pulacea Pursh, sphalm).

Porteranthus trijoliatus, In = 18. bowman's root, occurs primarily in

the mountains and Upper Piedmont of the Appalachian mountain system

from northern Alabama to western New York and southern Ontario at

altitudes often above 3000 feet; the collections reported from Missouri by

Steyermark (Fl. Missouri, 796) probably represent plants introduced along

a railroad right-of-way. Characterized by small, linear stipules; sparse

indumentum with glandular trichomes largely confined to leaflet dentation

tips; monomorphic cauline leaves with leaflets of the lowermost slightly

smaller and broader than the upper; pubescent, scarcely wrinkled, shortly

beaked follicles; and ellipsoid seeds ca. 5 mm. long. P. trijoliatus is most

frequently collected in rich woods, but also occurs in open, dry, rocky

woods and along highway cuts. There are indications that this species pre-

fers acidic soils.

Porteranthus stipulatus, American ipecac, usually occurs in dry, open

upland woods, ranging from northeastern West Virginia. Ohio, Indiana.

Illinois, and Missouri south to the Lower Piedmont of North Carolina.

Louisiana, northeastern Texas, eastern Oklahoma, and southeastern

Kansas. This species is distinguished by large foliaceous stipules that su-

perficially resemble two extra leaflets; glandular trichomes abundant on

the lower surfaces of the leaflets; dimorphic cauline leaves with the low-

ermost having pinnatifid leaflets; nearly glabrous, prominently wrinkled

and veined, long-beaked follicles; and ovoid seeds ca. 3.5 mm. long. Rad-

6
Gillenia Moench is a later homonym and an orthographic variant of Gillena

Adanson (= Clethra L.). both names commemorating Arnold Gille (latinized as

Gillenius), who, according to Stearn, was a medical man with a botanical garden at

have already been made, and :

:

i * of limited geographical dis-
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ford et al. (Man. Vase. Fl. Carolinas, 554) state that this species occurs

primarily in basic soils in the Carolinas, while Steyermark (loc. cit.) indi-

cates that it prefers acidic soils in Missouri.

Porteranthus; Spiraeanthus Schrenckianus (Fisch. & Mey.) Maxim.,
of central Asia; Chamaebatiaria Millefolium (Torrey) Maxim., of the

western United States; and Sorbaria (Ser. in DC.) A. Braun, 10 to 15

spp. of temperate Asia, comprise the tribe Sorbarieae, which is charac-

terized by persistent basally connate stipules, antesepalous carpels,

and wingless seeds. Only Porteranthus is herbaceous; the other three gen-

era are shrubs or subshrubs. Porteranthus (as Gillenia) and Spiraeanthus
were segregated as tribe Gillenieae Maxim, by Schulze-Menz.
The red young stems and buds, white to pinkish flowers, reddish-brown

fruits, and neat habit give plants of both species an attractive, though not

spectacular, appearance, and they are grown to some extent as perennials

and rock garden plants in the United States and Europe. The American
Indians apparently used the rhizome of both species in medicinal prepara-
tions, particularly as an emetic.
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Karl Sax, Professor of Biology at Harvard and the third director of

the Arnold Arboretum, was born in Spokane, Washington, November 2,

1892, and died in Media, Pennsylvania, October 8, 1973. His parents were

William L. Sax, a school teacher, superintendent of County Schools, and

one-time Mayor of Colville, Washington, and Minnie A. Morgan Sax, an

artist and amateur botanist. After completing high school, Sax took a year

of business training, then entered Washington State College and received

a B.S. degree in agriculture in 1916. He came to the Bussey Institution of

Harvard University, in Jamaica Plain, Massachusetts, and was awarded

an M.S. degree in 1917; after which he served in the United States Army,

at first as a private and later, from 1918 to 1919, asa second lieutenant at

Fort Amador in the Canal Zone. His early professional employment was

first as an instructor in genetics at the University of California at Berkeley,

then as a plant breeder for the Riverbank Laboratory at Geneva, Illinois.

Subsequently he joined the staff of the Agricultural Experiment Station,

University of Maine, Orono, Maine, where he worked from 1920 until

1928, during which time he also earned a D.Sc. (1922) from the Bussey

Institution. In 1928 Sax was appointed Associate Professor of Plant Cytol-

ogy at the Arnold Arboretum, with a faculty appointment on the staff of

the Bussey Institution as well. He was promoted to a full professorship in

1936, and during the reorganization of the Bussey Institution he moved his

office research laboratories, and students to the Biological Laboratories of

Harvard University in Cambridge.

With the retirement of Dr. Elmer D. Merrill as director of the Arnold

Arboretum, Sax was appointed acting director in 1946, and then director

the following year. Sax's administrative role at the Arnold Arboretum was

terminated in 1954, but he remained as Professor of Biology until 1959

Sax had planned on his retirement to continue his work in plant breed-

ing in the area of Media, Pennsylvania; yet for part of each year between

1959 and 1966 he accepted appointments as visiting professor at the Lm-

* Portrait courtesy Harvard University News Office; taken in 19S9.
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versity of Florida, Yale University, North Carolina State College, the Uni-

versity of California, the University of Tennessee, Cornell University, and

the University of Georgia, thus avoiding the cold and the dormant growing

seasons of Pennsylvania. Also, at the age of sixty-nine, he received a Gug-

genheim Fellowship which he used at Oxford, England.

Sax was a national lecturer for the American Institute of Biological

Sciences (1957) and for The Society of the Sigma Xi (1962), and he

presented the Lowell Lectures in Boston in 1951 on the subject, "Popula-

tion Problems of the World." He was elected to membership in the

American Academy of Arts and Sciences and the National Academy of

Sciences (1951); and he became an honorary member of Phi Beta Kappa

(1941), an honorary member of the Japanese Genetics Society (1956), and

a foreign correspondent of the French Academy of Agriculture (1946). In

1956 he received the Certificate of Merit from the Botanical Society of

America. His horticultural work was recognized by the award of the Jack-

son Dawson Memorial Medal of the Massachusetts Horticultural Society

in 1959 and the Norman J. Colman Award of the American Association of

Nurserymen in 1961. He was named horticulturist of the year by the Uni-

versity of Massachusetts Student Horticultural Club (1959), and later the

University of Massachusetts awarded him an honorary Doctor of Science

degree (1965). His own college, Washington State University, named
Sax a "distinguished alumnus" in 1966. He belonged to many professional

societies and served as president of the Genetics Society of America (1958)

and of the Planned Parenthood League (1958).
Sax's research and publications were primarily in three fields, cytology

and genetics, horticulture, and demography, and in each he left his mark.

His first scientific paper, in 1916, concerned fertilization in Fritillaria, and

began a long study of the behavior of chromosomes in pollen and of

fertilization and seed production. At that time the number of chromosomes
in most taxa of flowering plants was unknown, and over a period of

years he and his students contributed systematic studies of chromosome
numbers in various families and genera. Many of these studies were based

on the extensive collections at the Arnold Arboretum. His observations on
the behavior of chromosomes led to extensive studies and initial contribu-

tions on chromosome structure and the mechanism of crossing over. Since

much of his employment was with stations interested in agriculture, he

worked on wheat, beans, corn, and apples as significant crop plants. Sax's

most important early contribution was the demonstration and publication
of the fact that alloploidy existed in the cultivated wheats, and that basic

series of 7, 14, and 21 chromosome numbers existed. Although the fact was
published a few months earlier by a Japanese botanist, Sax's work was in-

dependent, and he is usually credited with this contribution.
The failure of chromosomes to pair and resultant sterility are often as-

sociated with chromosome breakage. The methods of chromosome breakage
were the object of Sax's research for many years, during which he used
experimental exposures to X-rays and other types of radiation, as well as
variations in temperature, age, and chemicals. His classic paper in 1938,
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dealing with X-ray induced chr<

opened up a new area

Several grants from the National Institutes of Health, in his post-retire-

ment period, supported his study of the radio-mimetic effects of common
products such as coffee, cola beverages, drugs, and food additives.

Sax's contributions in the field of horticultural plant breeding produced

many hybrid plants which he named. Perhaps the best known are a hybrid

cherry, Prunus 'Hally Jolivette,' named for his wife, and Magnolia Dr.

Merrill,' named for his predecessor as director of the Arnold Arboretum.

His interest in improving Forsythia resulted in the tetraploid Forsythia

'Arnold Giant,' and Forsythia 'Karl Sax' (later named for him by Dr. Joab

Thomas), which have proved better plants than the Forsythia 'Arnold

Dwarf or the problematic triploid Forsythia 'Beatrix Farrand.' Numerous
crabapples, selected from deliberate crosses or open pollinations, include

Malus 'Henrietta Crosby,' M. 'Beatrix Potter,' and M. 'Henry DuPont,'

all named for Friends of the Arnold Arboretum, many of whom sponsored

his research.

At the University of Maine, Sax began a study of apples that was con-

tinued throughout his life. It involved production, propagation, breed-

ing, and selection, as well as methods for producing dwarf trees through

the use of understocks, interstocks, and bark inversions. By inverting a

ring of bark on apple trees, Sax was able to demonstrate a control of tree

growth. Although the technique was known in nearly ancient horticultural

literature, its modern application has been adopted, with Sax's techniques,

by many nurserymen who now produce small trees for the home garden.

Sax demonstrated the nutritional blocking effect of this bark inversion by

the use of radioactive compounds in studies of phloem transport. Another

of his inventive recommendations, the use of weed killers and insecticides

in a grease base for the control of poison ivy and bark borers, was much

used before environmental concerns restricted the general use of such

chemicals.

While at the Bussey Institution, and later in the Biological Laboratories

in Cambridge, Sax was in close association with the distinguished geneticist,

Edward M. East, who was concerned with the expanding world population

and the problems of feeding an ever-increasing number of people. After

East's death, Sax developed his own interest in demographic problems and

was a spokesman for the Planned Parenthood program. His book, Stand-

ing Room Only, recently reprinted as a paperback, and his many lectures,

newspaper reports and special articles on the subject of birth control

brought criticism from the Catholic community of Boston. In fact, for a

period he was subjected to embarrassing harassment for his views.

His tenacity in his beliefs also showed up in his opposition to a proposal

by botanists at Harvard that the resources of the Arnold Arboretum be used

for the general benefit of botany as a whole. A University committee had

recommended that portions of the collections of books and specimens of

the Arnold Arboretum be moved to Cambridge, closer to the students, and

be combined with other comparable collections maintained by Harvard.
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The funds of the Arboretum were to be used within the Department of

Biology, and the interest in horticulture and the living collections was to

be lessened. Sax did not approve of this plan; he opposed it in principle

and then in implementation. As the director he would not carry out the

proposal until it was submitted to judicial review and approved legally.

Therefore, the Harvard Corporation relieved him of his responsibilities as

director of the Arnold Arboretum and supervisor of the Bussey Institution.

As Professor of Biology, however, he continued his teaching and research

until he reached the normal retirement age of 66. Sax contributed a great

deal of information to the group which fought this move through the

courts of Massachusetts in a suit against the Harvard Corporation. He
was a worthy opponent. An associate, Mrs. Beatrix Farrand, a distinguish-

ed landscape architect, always deliberately mispronounced his name as

"Dr. Pax." Karl Sax accepted this graciously and wrote that this was his

personality and the role he wished to pursue in his life; but he was never

able to do so because of the firmness of his belief in individual integrity.

During his active years at Harvard, Karl Sax supervised the work of

five successful candidates for the degree of Master of Arts, and twenty-one

for the Doctor of Philosophy in Biology. Numerous postdoctoral scholars

worked with him in his laboratories. This is an enviable record of excellent

teaching rarely exceeded.

Karl Sax is survived by his widow, Hally Mary Delilia Jolivette Sax,

whom he married in 1915 when he was an undergraduate student. Their

happy marriage of fifty-eight years produced three sons, Karl Jolivette Sax,

William Peter Sax, and Edward A. Sax.
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THE GENERA OF ROSACEAE IN THE SOUTHEASTERN
UNITED STATES •

Subfam. ROSOIDEAE

About 520 species (excluding the apomictic complexes of Alchemilla,
Potentilla, and Rubus) in 41 genera and eight tribes. Eleven genera repre-
senting seven tribes occur in the southeastern United States. Two, Alche-
milla and Duchesnea, are introduced. Kerria and Rhodotypos may possibly
be established locally in our area and are included in the key to genera (see
discussion under Neviusia). Two genera, Dalibarda and Neviusia, are re-

stricted to eastern North America, eleven to western North America, seven
to Eurasia, four to Africa and Macaronesia, and three to South America.
Twelve genera are largely of the North Temperate region; Acaena is cir-

cum-Antarctic. Tribe Adenostomateae includes a single genus with two
species. Adenostoma fasciculatum Hooker & Arn. In = 18, and A.
sparsijolium Torrey, 2n = 18, both from the Upper Sonoran Zone of
California and Baja California (see Anderson, subfamily references, for a
study of introgression in .4. fasciculatum).

Base chromosome numbers in the tribes of Rosoideae are nine in the
Kerneae (Neviusia has counts of In = 14, 16, 18) ; seven in the Ulmarieae
(some aneuploidy)

;
seven in the Rubeae; seven in the Fragarieae; seven in

L*eum, Waldsteinia, and Coluria and nine in the other genera of Dryadeae;
eight m Alchemilla and seven in the remaining genera of Sanguisorbeae
that have been examined cytologically; nine in the Adenostomateae; and
seven in the Roseae.
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Intr°greSSion in Ad^stoma. Ann. Missouri Bot. Card. 41: 339-

Bessey, E. A. The comparative morphology of the pistils of the Ranunculaceae,
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5TLER, C. G. Monographic de Potcnt'dla. SI pp. -|- 11 pis.

bourg. 1816. [Also Dalibarda and Waldsteinia.]

dberg, P. A. A monograph of the North American Potentille

Bot. Columbia Univ. 2: 1-221. pis. 1-112. 1898.

iaeppi, H., & F. Steindl. Vergleichend-morphologische Un
Gynoeceum der Rosoideen. Bull. Soc. Bot. Suisse 60: 15-=

Tribe Kerrieae Focke

5. Neviusia A. Gray, Mem. Am. Acad. Arts Sci. II. 6: 374. pi. 30. 1858.

Deciduous shrubs with numerous slender, arching primary stems and
short lateral branches; twigs terete, decurrently ridged from the nodes;

buds small, solitary, sessile; leaf scars round-cordate to crescent-shaped,

slightly elevated with 3, ± doubled bundle scars; indumentum of simple

and, on the lower leaf surfaces, multicellular glandular trichomes. Leaves

alternate, petiolate; blades simple, ovate with rounded or rarely cordate

bases, acute to acuminate-attenuate apices, and usually doubly serrate mar-

gins; stipules free, setaceous, the lower part persistent as a small scale.

Inflorescences few flowered, open, subumbellate corymbs terminating

growth of the current season, flowering as the leaves expand; bracts small,

linear. Flowers apetalous, about 2.5 cm. in diameter, perfect. Calyx with-

out an epicalyx, the 5-7 lobes large, green, foliaceous, deeply toothed above

the middle, reflexed at anthesis, persistent and enlarged somewhat in fruit,

quincuncial in aestivation; floral cup flat, very short. Petals absent.

Androecium of numerous stamens (usually more than 100) inserted in

several whorls on the flat floral cup area; filaments white, long, slender,

free to the bases, persistent, the inner shorter than the outer; nectar ring

not discernible; anthers yellow, small, basifixed. Gynoecium of 2-5 su-

perior and free carpels (opposite the calyx lobes when 5); styles as many
as the carpels, free, terminal on the adaxial margins of the carpels, the

lower part persistent on the fruit; stigmatic region a narrow vertical band

on the adaxial surface of the styles; each carpel with a single anatropous

ovule pendulous from an adaxial placenta, the micropyle superior. Fruit a

greenish, drupaceous achene, the epicarp slightly fleshy, thin, the endocarp

crustaceous. Seeds one per carpel, completely filling the achene; testa

smooth, thin; embryo descending, completely surrounded by a layer of

endosperm, the cotyledons plano-convex, the radicle superior, inflexed-

accumbent. Type species: A. alabamensis A. Gray. (Named in honor of

one of the original collectors, the Rev. Reuben Denton Nevius, 1827-

1913.)— Snow-wreath.

One of our rarest shrubs. Neviusia alabamensis, the only species of the

genus, was known for a long time only from the cliffs along the Black

Warrior River above Tuscaloosa, Alabama ; this species is now known from

Tuscaloosa, Jackson, Madison, and Morgan counties, Alabama; Conway

and Faulkner counties, Arkansas; and Butler County, Missouri. The type

locality was evidently destroyed by blasting operations about the turn of
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section of fruit, epicarp (unshaded) slightly fleshy, endocarp
(hatched) crustaceous, embryo surrounded by endosperm (stippled), X 4; i,
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the present century, but populations still occur along both sides of the river

in that vicinity. The Missouri record by Uphof seems certain, although

later attempts to relocate his stations have been unsuccessful.

The substrata on which Neviusia has been reported are shale, limestone,

and sandstone in Alabama, sandstone in Arkansas, and sandy loam in

Missouri. All these are Carboniferous or sub-Carboniferous formations.

Moore points out that all the known localities for Neviusia lie at the periph-

ery of the Mississippi embayment of the old Gulf Coastal Plain and sug-

gests that since this area has been above sea level since the late Paleozoic

or early Mesozoic, Neviusia alabamensis might be an epibiotic, relatively

old relict species, rather than a strict endemic of recent origin.

The chromosome number of Neviusia was first reported by Sax (1931)

as In = 16; he corrected this the next year to In = 18, stating that the

earlier count was an error since the chromosomes tend to clump. Baldwin

confirmed Sax's later count, but Thomas & Deramus give the chromosome

number of this species as 2n = 14. The supposed relatives of Neviusia,

Kerria japonica, and Rhodotypos scandens, have a reported chromosome

number of In = 18.

Tribe Kerrieae is composed of three monotypic genera, Kerria DC,
Rhodotypos Sieb. & Zucc, and Neviusia. Kerria japonica (L.) DC. (flowers

S-merous, petals yellow, carpels 5-8) is native to central and western China

and Kyushu, Shikoku, and Honshu islands, Japan. Commonly grown in

North American gardens, this species perhaps has escaped locally from

cultivation; Small reports K. japonica from eastern South Carolina, but

Radford, Ahles, & Bell do not include the species in their Flora of the

Carolinas. Rhodotypos scandens (Thunb.) Makino (R. kerrioides Sieb. &
Zucc.) (leaves opposite, flowers 4-merous, petals white, carpels 4 and de-

veloping into shining, black, dryish drupes) is native to eastern Asia. Al-

though Rhodotypos is commonly cultivated and is locally adventive in

North America, the only possible record of this species in our area is from

a single, supposedly wild plant, near the Guntersville Dam, Marshall

County, Alabama, collected and communicated in 1969 by J. E. Butler, of

New Hope, Alabama, to J. L. Thomas, who, in turn, relayed the information

The phenolic constituents of the members of tribe Kerrieae are fairly

well known (see Bate-Smith and Harborne, family references; Challice

[1973], Maloideae references). Within subfam. Rosoideae, flavones are

restricted to tribe Kerrieae. Ellagic acid, a compound universal in other

Rosoideae, is lacking in Neviusia, Kerria, Rhodotypos, and Coleogyne

ramosissima Torrey (southwestern North America; included in tribe

Kerrieae by Schulze-Menz). Sorbitol, found throughout the Maloideae,

Amygdaloideae, and Spiraeoideae, is restricted to tribe Kerrieae within sub-

fam. Rosoideae. Rhodotypos differs from Kerria and Neviusia by the

absence of leuco-anthocyanins. Thus, on chemical grounds a strong argu-

ment could be made for removing tribe Kerrieae from the Rosoideae.

Morphologically, these three genera occupy a position somewhere between

the Spiraeoideae and Rosoideae. Since detailed comparative studies have
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not been made, it seems best for now to follow Gray's alignment of these

genera with the Rosoideae.

Neviusia alabamcnsis is hardy far to the north of its native range, and

plants have survived in the coldest part of the Arnold Arboretum for many
years. Although usually cultivated only as a novelty and rarely listed in

nursery catalogues, the white stamens give plants of Neviusia in full

bloom much the attractive aspect of Fothergilla, of the Hamamelidaceae.
It deserves more horticultural attention. Unless carefully pruned, the plants

can assume an unkempt appearance similar to their wild relatives growing

on densely vegetated cliffs. Evidently, all plants in cultivation are derived

from the populations along the Black Warrior River; it is quite possible

that the other natural populations could produce more horticulturally de-

sirable forms.

Information on pollination mechanisms is lacking, but the plants are

evidently partly self-compatible since the sole plant of the species in culti-

vation at the Arnold Arboretum produces some fruit each year.

mily references see Baldwin, Bate-Smith, Bean, Dippel, Rehder,

,
E. J. Rkodotypos kerrioides. Addisonia 23: 45, 46. pi. 759. 1958.

L Trees and Shrubs. Card. Chron. III. 35: 229, 230. 1904. [Good
tion of N. alabamensis; also see Ibid. 41: 40, 41. photo opposite 41.

[Neviusia, 29.
|

Focke, W. 0. Die Keimung von Kerria und die natiirliche Gruppe der Kerriae.

Abh. Naturw. Ver. Bremen 12: 343-345. 1892.
Gray, A. Neviusia, a new genus of Rosaceae. Mem. Am. Acad. Arts Sci. II.

6: 373-376. pi. 30. 1858.
Harper, R. M. Notes on the distribution of some Alabama plants. Bull. Torrey

Bot. Club 33: 523-540. 1906. [Neviusia, 532.]

. Economic botany of Alabama, Part 2. Catalogue of the trees, shrubs
and vines of Alabama, with their economic properties and local distribution.

Geol. Surv. Alabama Monogr. 9. 357 pp. University, Alabama. 1928.

[Neviusia, 194-196; photographs.]
Hooker, J. D. Neviusa [sic] alabamensis . Bot. Mag. Ill: pi. 6806. 1885.
Mohr, C. Rare and little known trees and shrubs of Alabama. Trans. Mississippi

Valley Hort. Soc. 2: 216-219. 1884? *

. Plant life of Alabama. Alabama ed. xii + 921 pp. pis. 1-13; A, B.
Montgomery, Alabama. 1901. [Reprinted from Contr. U.S. Natl. Herb. 4,

with added letter, biography, and pis. A, B- Neviusia 539 pi 4.]
Moore, D. M. Neviusia dubamem in Arkansas. Rhodora 58: 187-191. 1956.
Murbeck, S. Liber staminale Pseudapetalie und deren Bedeutung fur die Frage

nach der Herkunft der Bliitenkrone. Acta Univ. Lund. II. Sect. 2. 14(25):
1-59. 1918. [Neviusia, 6-8, 50, 51, 58; illustration of staminal insertion of
Neviusia, Kerria, Rkodotypos.]

Pollard, C. L. A visit to the home of Neviusia. PI. World 3: 136, 137. 1900.
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Thomas, J. L., & R. Deramus. The chromosome number of Neviusia alabamen-

sis Gray. Rhodora 66: 274. 1964.

Uphof, J. C. T. Das Vorkommen von Neviusia alabamensis Gray in Suden von

Missouri. Mitt. Deutsch. Dendrol. Ges. 31: 282, 2S3. 1921. [Illustration.]

. Ecological relations of plants in southeastern Missouri. Am. Jour. Bot.

9: 1-17. pis. 1,2. 1922. [Neviusia, 7.]

Tribe Ulmarieae Focke

6. Filipendula Miller, Gard. Diet. Abr. ed. 4, alph. ord. 1754.

Tall, rhizomatous, glabrous [or pubescent], perennial herbs; stems

erect, hollow |or solid], grooved [angled or rounded], mostly unbranched

below the inflorescences, the nodes somewhat swollen. Leaves aromatic,

the basal ones quite large, imparipinnately compound, the leaflets incised

and sharply toothed, the terminal leaflets palmately cleft, larger than the

reduced or nearly absent lower leaflets, small leaflets frequently inter-

spersed with larger leaflets along the rachis; cauline leaves similar, but

becoming smaller and less compound toward the stem apices; stipules of the

basal leaves adnate to the petioles, those of the cauline leaves free, large,

asymmetrically reniform, clasping, incised. Inflorescences ebracteate,

many flowered, ascending, paniculate corymbs terminating erect stems, the

lateral inflorescence branches exceeding, and flowering after, the central

ones; pedicels pink for green]. Flowers small, 5-merous. perfect [or

imperfect, the plants then dioecious]. Calyx without an epicalyx, often

colored as the petals, deeply lobed, the segments reflexed at anthesis. per-

sistent, valvate in aestivation; floral cup shallow [to nearly flat], free of

the carpels, the upper part slightly thickened and fleshy. Petals pink

[white, yellowish, or purple], spreading at anthesis, deciduous, about twice

as long as the calyx lobes, shortly clawed [or not], the blades orbicular

[to ovate] with slightly erose [or entire] margins, the bases auriculate

[rounded or tapering]. Androecium of 10-40 (usually 15-20) stamens;

filaments slender, equaling or exceeding the petals, deciduous, nearly hy-

pogynous and inserted in several series on the short floral tube; anthers

medifixed, deep pink [yellow or white], the anther sacs slightly separated,

the connectives enlarged on the abaxial side. Gynoecium of 5-15 free, sessile

or stipitate carpels in one whorl [the carpels sometimes spirally imbricat-

ed]
; styles short, terminal on the adaxial margins of the carpels, bent above

so the stigmas face outward laterally; stigmas comparatively large, capi-

tate-discoid, terminal ; each carpel with 2 anatropous ovules pendulous from

the upper adaxial part of the wall, the micropyle superior. Fruit elongate,

flattened, indehiscent, one-seeded, few [to all] carpels of a flower develop-

ing into fruit; seed not filling fruit, the seed coat thin, the radicle superior.

(Including Ulmaria Miller. 1754; Filipendula and Ulmaria first united,

under the former name, by Adanson, Fam. PI. 2: 295. 1763.) Lectotype
species: Spiraea Filipendula L. = F. vulgaris Moench; see B. L. Robin-

son, Rhodora 8: 204. 1906; also see P. A. Rydberg, N. Am. Fl. 22: 266.

1908. (Name from Latin, filum, a thread, and pendulus, hanging, after the

tuberous roots of F. vulgaris that seem suspended from thin roots.)
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A small genus of North Temperate and Subarctic regions composed, ac-
cording to Shimizu, of 15 species in three subgenera and four sections.
Fihpendula rubra (Hill) Robinson occurs in eastern North America, F.
occidentalis (S. Watson) Howell in northwestern Oregon, two species in
Eurasia, and the remaining species primarily in eastern Asia.

Filipendula rubra (F. lobata (Jacquin) Murray), queen-of-the-prairie,
had an aboriginal distribution from Pennsylvania to Minnesota, southward
to North Carolina, Georgia, Kentucky, Illinois, and Missouri, but has
escaped from cultivation northward and eastward to New York, New
England, and Nova Scotia. This plant, a tall perennial herb with hollow
stems, large leaves, palmately lobed leaflets, showy inflorescences of pink
flowers, and glabrous, short-stipitate, straight carpels, prefers moist
habitats such as meadows, wet prairies, low woods, and bogs. Shimizu
places this species, along with seven species of northeastern Asia, in subg.
Ulmaria (Miller) Juz. sect. Schalameya Juz. and notes that F. rubra
and F

. palmata (Pall.) Maxim, are geographically vicarious species.
tilipendula occidentalis is quite different and belongs to the monotypic
subg Hypogyna Shimizu. Two European species, F. vulgaris (F. hexa-
petala Gihb., nom. illegit.), dropwort, of subg. Filipendula, and F. Ul-
maria (L.) Maxim., queen-of-the-meadow, have escaped from cultivation
to the north of our area.

Because of the general aspect of plants of Filipendula species, their
small flowers with several free carpels in one whorl on a flat receptacle, and
the truits resembling follicles (although they are indehiscent), this genus
was referred by early authors to the Spiraeoideae. However, interruptedly
compound leaves (the basal ones with the stipules adnate to the petioles),
such as those of Filipendula, are common in tribes Dryadeae and Sangui^
sorbeae of subfam. Rosoideae but do not occur in the Spiraeoideae. The
truits are one-seeded and indehiscent, as in most Rosoideae. The base
chromosome number of seven in Filipendula is common in the Rosoideae,
out ,s virtually absent from the Spiraeoideae. A glucoside, spiraeoside
(querceUn-4' glucoside) occurs in F. vulgaris and F Ulmaria but not in
species ot Spiraea- its possible occurrence in other Rosoideae has evidently
ot Deen checked. Thnphragmium filipendulae, a rust fungus of tribe

Phragnudeae, parasitizes F. vulgaris; related fungi are known from numer-

al TV*? "I
SPiraeoideae. All these data indicate that Filipen-

dula is best placed in the Rosoideae

,/™ Tif1
C

A

h
T

r0mosome numt*rs in the genus are Filipendula kamtscha-
tica (I all.) Maxim., 2n = 14-18, 28, 28-42; F. palmata, In = 14, 15;andIF. yezoensts Hara (as F. koreana), In = 16. Such disparities in base

tll™^ nUmbCrS and Pl°idy levels both withi» and between species

ff^ a cyt°taxonomic study of the genus would be illuminating. An

hort^n i

chr0mosome number of 15 was listed by Maude for EnglishE 5£ 7 ° f " VUlgariS (aS S*ira™ ™Pe»dula). Darlington

chromosome misdivided throi itromere producing two telocentric
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Spiraea Filipendula in England it [the odd-diploid
number] is found in every individual. The species has become a true-

breeding hybrid in respect of a structural change in the chromosomes. . .
."

Baker & Baker, however, dispute this hypothesis on the basis of their

Under subfamily references see Schaeppi & Steindl; under family references
see Bate-Smith, Boutineau, Bunting, Chittenden, Hegi, Huber (1961-
1966), Rickett, Ross-Craig, and Wood.

Ulmaria, both In =
Baranov, A. I. Contributions to the study of FiUpt ndula palmata (Pall.) Maxim.

and similar Far Eastern species. Bot. Jahrb. 79: 521-525. 1960.

Darlington, C. D. Chromosome botany and the origins of cultivated plants.

ed. 2. xvi + 232 pp. London. 1963. [Filipendula, 14, 49.]

Horhammer, L., R. Hansel, & W. Endres. Uber die Flavonglykoside der Gat-
tungen Filipendula und Spiraea. Arch. Pharm. 289: 133-140. 1956. [F.

Ulmaria, F. vulgaris, and 58 spp. of Spiraea.]

Lebegue, A. Embryogenie des Rosacees. Developpement de l'embryon chez le

Spiraea Ulmaria L. Compt. Rend. Acad. Sci. Paris 228: 1243-1245. 1949.

[= F. Ulmaria; development of the embryo similar to that of Geum urba-

Maude. P. F. Chromosome numbers in some British plants. New Phytol. 39:

17-32. 1940. [Filipendula. 31, fig. 21.]

Meehan, T. Spiraea lobata. Medians' Monthly 2: 145. 146. pi. 10. 1892.

[ = F. rubra ; colored plate.]

Moreva, T. A. Dynamics of growth of the green stuff and accumulation of

tannins of meadowsweet l L. > Max. (In Russian.)

Acta Inst. Bot. Acad. Sci. URSS. 5. Mater. Rudes PI. 4: 269-285. 1956.

Robinson, B. L. Filipendula rubra, a new binomial. Rhodora 8: 202-204. 1906.

Saunders, E. R. On the gynaecium of Filipendula Ulmaria Maxim, and Filipen-

dula hexapetala Gillib.: A correction. Ann. Bot. 49: 848-852. 1935. [Re-

futes an earlier conclusion (Ann. Bot. 41: 609, 610. 1927) that each ovary is

composed of 2 carpels, one sterile and one fertile.]

Savile, D. B. O. Parasite relationships and disposition of Filipendula. Brittonia

20: 230, 231. 1968. [The rust fungus found on F. vulgaris is closely related

to those restricted to Rosoideae.]
Sergievskaya, E. V. Subgenus Ulmaria Moench of genus Filipendula Adans. on

USSR territory and distribution of its species. 178 pp. Israel Program for

Scientific Translations, Jerusalem. 1968.* [Translated from the Russian

original of 1965.]

Shimizu. T. Taxonomical notes on the genus Filipendula Adans. (Rosaceae).

Jour. Fac. Textile Sci. Tech. Shinshu Univ. 26: Ser. A. 10: 1-31. 1961.

Yapp, R. H. Spiraea Ulmaria L., and its bearing on the problem of xeromorphy

in marsh plants. Ann. Bot. 26: 815-870. pis. 81-83. 1912. [= F. Ulmaria;

a study of the spatial and temporal distribution of foliar indumentum.]



JOURNAL OF THE ARNOLD ARBORETUM

7. Rubus Linnaeus, Sp. PL 1 : 492. 1753; Gen. PL ed. 5. 218. 1754.

Mostly armed erect to trailing shrubs or scramblers from rootstocks or

creeping stems, rarely herbaceous; shoots mostly biennial, those of the

first year's growth (primocanes or, in older American and in European

literature, turions) from buds at or below ground level, bearing leaves along

their length, buds in the axils of these leaves producing lateral branches with

leaves and flowers the next year, the cane usually dying after fruit matures

(the whole second-year stem called a floricane) ; reproducing vegetatively

by root or stem suckers or rooting stem tips; armature of the stems, in-

florescence branches, petioles, and calyx lobes of variously shaped and

sized prickles or bristles (acicles) or absent; indumentum of simple and/or

sessile or stalked glandular trichomes, the density variable. Leaves decidu-

ous or persistent through winter, those of the first and second year's

growth often quite different, simple (mostly lobed), ternately trifoliolate,

palmately compound with 5-7 leaflets, imparipinnate with 5-7 [or more]

leaflets for bipinnate or partly tripinnate] ; leaflets toothed and often

lobed, sessile to short or long petiolulate, the central leaflet often larger

than the others; stipules linear, small to conspicuous, free or adnate to the

base of the petiole, persistent or caducous. Flowers solitary or inflorescences

determinate, simple or compound cymes, "racemes," or "panicles." Flowers

usually showy, 5-merous, perfect [or imperfect, the plants then dioecious].

Calyx without an epicalyx, the lobes elongate, with acute or tapering-acum-

inate apices, ascending to reflexed at anthesis and in fruit, valvate in aesti-

vation, persistent; floral cup short, nearly flat; nectar ring usually promi-

nent. Petals white or rarely pink, elliptic to spathulate or orbicular, shorter

than to exceeding the calyx lobes for absent]. Androecium of many sta-

mens inserted at the edge of the floral cup, the outer longer than and dehisc-

ing before the inner ones; filaments slender; anthers sometimes pubescent.

Gynoecium of numerous free carpels on a nearly flat to cylindrical recep-

tacle; styles slender or somewhat clavate, terminal, commonly deciduous;

stigmas discoid or slightly 2-lobed ; each carpel with 2 collateral or super-

posed, anatropous ovules pendulous from an adaxial placenta, the micro-

pyle superior. Fruit of many red to black (rarely white, yellow, or

orange) 1 -seeded drupelets on a dry or spongy, often elongated receptacle,

the drupelets falling individually or coalescent and either falling from the

receptacle as a unit or with it; stones hard, variously textured; seeds

filling the stones; embryo small, the radicle superior. Base chromosome
number 7. (Including Rubacer Rydb. and Oreobatus Rydb.) Lectotype
species: R. fruticosus L.; see N. L. Britton & A. Brown, Illus. Fl. No.
U.S. Canada ed. 2. 2: 275. 1913.'— Blackberry, dewberry, raspberry.

ir, Rydberg (N. Am. Fl. 22: 429) listed R. idaeus L. as the

& Green (Int. Bot. Congr. Cambridge Nomencl. Prop. Brit,

ype-species of the genus Rubus is undoubtedly R. fruticosus,

x into disuse as it has been used in different senses by different

:ms preferable to choose R. caesius L. as the standard species."



1974] ROBERTSON, GENERA OF ROSACEAE 353

Perhaps 700 or more species found nearly throughout the range of the

family, the taxonomy of some subdivisions of the genus notoriously

difficult. Rubus is particularly diverse morphologically in eastern Asia and

South America and, to a lesser degree, in Ninth America. Major con-

centrations of species (mostly the abundant forms of subg. Rubus) occur

in North America and Europe. Basic taxonomic works on Rubus are those

of Sudre (1908-1913, Europe), Focke (1911-1914, world-wide revision),

and Bailey (1941-1949, North America); unfortunately, the subgeneric

classification and nomenclature of each of these works are largely indepen-

dent of the others. Gustafsson's account of the European blackberries is a

major contribution toward an understanding of that group.

Eleven subgenera, excluding Dalibarda, can be recognized; five wide-

spread ones occur in eastern North America (three in our area). Three

subgenera are confined to Asia and the western parts of the Americas, two

are essentially restricted to South America, and subg. Dalibakdastrum

Subgenus Anoplobatus Focke (stems erect, unarmed; bark peeling or

flaking; leaves entire, palmately lobed; styles somewhat clavate; recep-

tacle nearly flat) is represented with us by Rubus odoratus L., In = 14,

flowering raspberry. This species occurs in shaded areas such as along the

edges of woods, stream banks, and roadsides from Quebec and Nova
Scotia to Michigan and Wisconsin, southward to New England, New
York, Pennsylvania, the Virginias, Ohio, and Indiana, and in the moun-
tains to North Carolina, Tennessee, and Georgia. The plant is a handsome
shrub with large leaves (often 30 cm. wide) and rose-like, magenta flowers.

The drupelets are reddish, densely pubescent apically and abaxially, only

slightly fleshy, and scarcely edible; they fall from the receptacle either in-

dividually or in groups. The length of glandular trichomes on the pedicels

and veins of the lower leaf surfaces and the density of nonglandular

trichomes on the leaf blades is variable; Fassett distinguished seven forms

based largely on these characters. Similar patterns of variation are found

in the closely related, white-flowered R. parviflorus Nutt, In = 14,

thimbleberry, which occurs in western North America from Alaska to New
Mexico and northern Mexico and disjunctly in the regions around the

northern Great Lakes (northeastern Minnesota and adjacent Ontario,

northern Wisconsin, northern Michigan and the Keweenaw Peninsula, and

the Bruce Peninsula). Rubus odoratus and R. parviflorus evidently do not

occur sympatrically. Other related species occur in western North America,

Central America, and Japan.

Subgenus Idaeobatus Focke (stems erect, often arching, armed with

prickles; petals [in ours] scarcely or not exceeding the calyx lobes; drupe-

lets separating from the receptacle), raspberries, is primarily of temperate

Most European authors today use R. fruticosus L. only in an aggregate sense for

plicatus Weihe & Nees and R. ulmifolius Schott f.) that belong to different subsections

(see Heslop-Harn -. family references). Watson (1958) takes R.
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and subtropical Asia, and to a lesser degree, East and South Africa. Rela-

tively few species occur in Europe, North America, and Australia. Bailey

(Sp. Batorum, 859) says "Taxonomically the raspberries are the most

difficult group of North American brambles."

Rubus idaeus L. (drupelets red; canes erect, not rooting at the tips;

petals about equaling the calyx lobes), red raspberry, In = 14 (polyploid

in some cultivars), is variable particularly in the shape and size of the

leaflets and calyx lobes and in the presence or absence, distribution, and
size of prickles, bristles, stipitate-glandular trichomes, and eglandular

trichomes. Several segregate species are sometimes recognized (see Hara,

Hitchcock et al., and Hulten [family references], Fernald, and Rozanova).

The taxonomic treatment of Hara, who recognized one circumpolar species

with several subspecies is followed here. Subspecies idaeus (inflorescences

without glandular trichomes and bristles; drupelets coherent and falling as

a unit) is a taxon of Europe and western Asia which Fernald contended is

indigenous to the Dakotas and the Magdalen islands of Minnesota. It is

commonly cultivated in much of North America and has escaped locally

in some areas. Plants native to North America (Labrador to Alaska, south-

ward to New England. Pennsylvania, the mountains of Virginia and North

Carolina, Ohio. Indiana, Missouri, Nebraska, Wyoming, and Arizona) and

much of eastern Asia have prominent stipitate-glandular trichomes on the

young canes and inflorescence branches and drupelets that fall individu-

ally; these are distinguished as subsp. melanolasius Focke (including R.

strigosus Michx., R. sachalinensis Levi.. R. idaeus var. aculeatissimus

Regel & Tiling). Fernald distinguished five varieties in eastern North

America; plants in our area correspond to var. canadensis Richardson.

Varieties of the red raspberry of commerce are derived from either R. idaeus

subsp. idaeus or subsp. melanolasius, or from hybrids between them (see

Roemer & Rudorf, family references).

Rubus Occidentalis L., black raspberry, In = 14. a shrub with glaucous,

arching canes that root at the tips, purple-black (rarely yellowish) drupe-

lets, and petals shorter than the calyx lobes, has a broad distribution,

Quebec to North Dakota and eastern Colorado south to Georgia. Arkansas,

and Oklahoma. This species and R. idaeus subsp. melanolasius occasionally

hybridize (R. X neglectus Peck) when they are sympatric. Rubus leuco-

dcrmis Douglas ex Torrey & Gray, In = 14, is a related species of Pacific

North America. The various forms of the cultivated black raspberry are

derived from R. Occidentalis. Two species of eastern Asia are locally

naturalized in our area: R. phoenicolasius Maxim, (canes, petioles, pedi-

cels, and calyx lobes densely covered with long-stalked glandular trichomes;

calyx lobes connivent around the red fruit), wineberry, In = 14, and R.

illecebrosus Focke (flowers and fruits quite large; canes annual), straw-

berry-raspberry, In = 14.

Subgenus Rubus (subg. Eubatus) (petals longer than calyx lobes;

drupelets retained on the deciduous or persistent receptacle), blackberries

and dewberries, is one of the taxonomically more difficult groups in the

North Temperate Zone. The European blackberries have been studied ex-
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tensively (see particularly Gustafsson and Haskell). It is hypothesized
that during the interglacial period of the late Pliocene or early Pleistocene
there were a number of diploid, sexually reproducing species in Europe. As
the glaciers moved southward, these self-incompatible species were at a dis-

advantage as the numbers of individuals became smaller and physically
isolated from one another. Self-compatible, auto- or allopolyploids that
were much better adapted to conditions during and after glaciation arose.
Most of the diploid species became extinct. Recessive genes for apomixis
were brought together by polyploidy and segregation, and as the glaciers
retreated, the apomicts proliferated in the newly opened, barren habitats.
It is these apomictic plants of hybrid origins and unknown parentage that
are the dominant brambles in Europe today. Since apomixis in Rubus is

facultative and pseudogamous, variation can result from the production of
occasional sexual hybrids and, at least with respect to germination and
seedling growth, from pseudogamously produced endosperm.

Detailed studies of North American species are lacking, but the situation
here may be somewhat analogous to that in Europe. Some species are
diploid or tetraploid and sexually reproducing, while others are polyploid
and apomictic. The effect of Pleistocene gladadon on variability in subg.
Rubus in North America is unknown, but much of the variation may be
of rather recent origin. As the lands were cleared for cultivation, species that
were previously isolated perhaps came together and hybridized, as is pre-
sumably the case in Crataegus and Amelanchier. The taxonomic confusion
within subg. Rubus in North America will remain until a study that inte-
grates gross morphology, cytology, embryology, and genetics is made.

I lants of subg. Rubus in eastern North America are variable, particularly
in growth habit; the number, disposition, and shape of leaflets; the morphol-
ogy and distribution of spines, bristles, and glands; the pubescence of
the leaves; and the type of inflorescence. In the preparation of herbarium
specimens, it is necessary to collect both floricanes and primocanes and to
take notes on the habit of the plant and whether the canes root at the tip or
not laxonomic treatments of the subgenus vary widely: Bailey recog-
nized about 400 species in America north of Mexico; Davis et al., just
UI1

i ^n"?
eaStem N°rth America

;
Femald (Gray's Manual, ed. 8),

nearly zoo in northeastern North America; Gleason (New Britton &
Brown lllus. Fl. No. U.S. Canada), 15, including "collective species"; and
Radford et al. (Man. Vase. Fl. Carolina*

I th Carolina.
It is beyond the scope of this paper (or any other at present) to sort out
the taxonomic problems in our area, but a few comments are in order.

All species of this subgenus in eastern North America belong to sect.
Moriferi sensu Focke (1910-1914). American botanists prefer to divide
this group into numerous sections. Bailey recognized nine sections with

7»ZZ
J

vTT t0 X°rth Amedca; ei^ht of these are larsely confined to
eastern North America, while sect. Ursini is restricted to the western
United States The sections in our area are: sect. Hispidi Rydb. (rank as-

71r*Z t
^' Sroundber»es, dewberries, represented with us only by

^. ntsptdus L. in the mountains and Coastal Plain of North and South
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fined to the Southeast; sect. Flagellares Bailey, dewberries, widespread

and taxonomically complex, the collective species R. Enslemi sensu Gleason

mostly southern in distribution; sect. (Yxi 1101 n Bailey, sand blackberries,

mostly of the Coastal Plain and Outer Piedmont from Connecticut to

Florida; sect. Canadenses Bailey, smooth blackberries (a glandless and

nearly thornless counterpart of the next section), mostly northern in dis-

tribution, occurring southward in the mountains to Georgia; sect. Alle-

ghenienses Bailey, high bush blackberries, including many blackberries of

northeastern North America, mostly in the mountains in our area; and

sect. Arguti Rydb. (rank assigned by Bailey), high bush blackberries,

widespread, exceedingly variable, and including the commonest south-

eastern blackberries.

The base chromsome number in Rubus is seven. Most species of subg.

Idaeobatus are diploid and polyploidy (mostly autoploidy) has evidently

played only a minor role in the evolution of this group. Most European

species of subg. Rubus are tetraploid, with relatively few diploids or hexa-

ploids; triploids and pentaploids are quite rare. The North American

species are more complex cytologically. All ploidy levels from diploid to

12-ploid occur: diploids, tripli.id-. tctraploids. and hexaploids occur most

commonly. Some species evidently have several ploidy levels. Rubus

ursinus Cham. & Schlecht., of the Pacific Northwest, has reported chromo-

some numbers of 2n = 42, 56. 63, 70, 77, and 84, the last the highest num-
ber known in the genus.
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8. Dalibarda Linnaeus, Sp. PI. 1: 491. 1753; Gen. PI. ed. 5. 217. 1754.

Low, unarmed perennial herbs with the aspect of a stoloniferous Viola:

rhizomes slender, with internodal roots. Leaves often evergreen, borne

along the length of the rhizomes and sometimes in lax to ± condensed root-

stocks on the rhizomes, simple, long petiolate, the blade rounded-cordate

with crenate margins; stipules small, linear, deeply divided, free. Flowers

solitary on axillary pedicels, heteromorphic: petaliferous, morphologically

perfect flowers that rarely set fruit, and apetalous, "cleistogamous," fertile

ones. Petaliferous flowers in the axils of leaves; calyx lobes 5, rarely 6,

divergent, unequal, at least the outer ones apically 3-toothed; floral cup

short; petals 5, white, elliptic, spreading, slightly exceeding the calyx lobes;

androecium of ca. 50 exserted stamens Inserted in several series at the

apex of the floral cup, the filaments slender, white, the anthers about 5

mm. long; gynoecium of 5-10 villous carpels, usually not setting fruit.

Apetalous flowers produced mostly from rosettes and from tips of rhizomes;

pedicels not exceeding the petioles; calyx lobes 5, erect, inclosing the sta-

mens and carpels, the outer ones apically 3-toothed; floral cup short; petals

absent; androecium of 5-10 stamens, the anthers about 3 mm. long; gynoe-

cium of 5-10 villous carpels on a flat receptacle, the styles terminal on the

adaxial margin of the carpels, deciduous, the stigmatic region a band de-

current on the adaxial surface of the style, each carpel with 2 anatropous

ovules pendulous from an adaxial placenta. Fruits of 5-10 nearly dry,

light-colored drupelets inclosed by the calyx lobes; the exocarp slightly

fleshy, pubescent, the mesocarp hard, slightly wrinkled longitudinally; seed

nearly filling the carpel wall, the coat thin; embryo spathulate, the radicle

superior, slightly bent. Type species: D. repens L. (Name commemorat-
ing Thomas Francois Dalibard, 1705-1799, French botanist.) — Dew
DROP, FALSE VIOLET, ROBIN-RUN-AWAY.

A monotypic genus of eastern North America. Dalibarda repens, a dis-

tinctive species of moist or drv woods, bogs, and swamps, ranges from

Quebec, Ontario, northern Ohio. Michigan, and Minnesota, south to New
England. New Jersey, and Pennsylvania and in the mountains to West

Virginia and North Carolina. In our area it is known only from bogs in

Transylvania Co., North Carolina, where it is probably a relict from the

last glacial period. Surprisingly little is known about this interesting plant;

not even its chromosome number has been determined. The apetalous

flowers appear to develop mostly before the petaliferous ones. The carpels

of the petaliferous flowers seem to be normal, but they rarely set fruit;

pollen of these flowers is evidently viable.

Linnaeus (Gen. PL ed. 5) allied" this species with Rubus Ckamaemorus

L. and later (Sp. PL ed. 2. 708. 1762) included it in Rubus as R. Dalibarda

(L.) L. Focke established Rubus subg. Dalibarda for R. Dalibarda, also

including R. lasiococcus A. Gray (British Columbia to California), R.

pedatus J. E. Sm. (northwestern North America), R. Fockeanus S. Kurz

(China and the Himalayas), and R. Gunnianus Hooker (Tasmania).

Bailey maintained the genus Dalibarda and referred R. lasiococeus. R. peda-
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tus, and six other species to Rubus subg. Cylactis, a somewhat hetero-
geneous group of mostly semiherbaceous northern species.

References:

Under subfamily references see Jackson and Nestler; under family refer-
ences see Chittenden, Chute, and Rickett.

Bailey, L. H. The standard cyclopedia of horticulture, ed. 2. vol. 1. xxiv +
1200 pp. frontisp. New York. 1928. [Dalibarda, 961.]

. Species Batorum. The genus Rubus in North America (north of
Mexico). I. Gentes Herb. 5: 1-64. 1941. [Dalibarda, 25.]

Focke, \\
.

0. Species Ruborum. Monographic generis Rubi prodromus.
Bibliot. Bot. 72: 1-223. 1910, 1911; 83: 1-274. 1914. [Rubus subg. Dali-
barda, 13-17.]

Smith, J. E. Plantarum icones hactenus ineditae. vi + 75 pp. pis. 1-75 1789-
1791. [Rubus Dalibarda, pi. 20.]

Tribe Fragarieae Dumort.

9. Fragaria Linnaeus, Sp. PI. 1: 494. 1753; Gen. Pi. ed. 5. 218. 1754.

Perennial, rosulate herbs with simple for compound], scaly crowns
terminating underground rhizomes, spreading and forming colonies by sto-
lons that root and produce plantlets at the nodes; principal roots several,
coarse, the secondary roots fibrous and numerous. Leaves radical, with 2/5
phyllotaxy, trifoliolate or simple in the inflorescence [rarely all simple],
long petiolate; leaflets deeply serrate at least apically, sessile to short petio-
lulate; stipules adnate to the bases of the petioles, membranaceous, per-
sistent and forming scales on the crowns. Inflorescences usually one to
few per crown, of rather loose, long pedunculate, few to several-flowered
cymes, sometimes becoming racemiform; bracts conspicuous, the larger
ones often foliaceous. Flowers perfect or partly to wholly imperfect and
the plants then variously polygamodioecious. Calyx with an epicalyx, the
epicalyx lobes narrower than the calyx lobes, both erect or reflexed at an-
thesis, persistent, valvate in aestivation; floral cup saucer-shaped, free of
the carpels, a nectar ring absent. Petals 5 [to 9], white to pinkish, spread-
ing, deciduous, orbicular to obovate, the margins slightly erose or undulate,
the bases shortly clawed, inserted at the edge of the floral cup, imbricate.
Androecium of usually 20-35 stamens in multiples of 5 and in 3 whorls,
sometimes some or all reduced to staminodia; filaments unequal in length,
basally dilated and fused to form a disk that lines the floral cup; anthers
yellow, sometimes opening under tension throwing pollen onto the stigmas.
Uynoecium of many free carpels on a hemispheric to conical receptacle that
enlarges in fruit; styles inserted adaxially near the bases of the carpels, per-
sistent; stigmas terminal, discoid; each carpel with one anatropous ovule
ascending from the middle of the locule, the micropyle inferior. Accessory
iruits red (infrequently white), fleshy, juicy, sweet and fragrant, subtended
by the calyx and epicalyx, the entire fruits falling from the plants. Achenes
rowmsh, minute, numerous, dry, crustaceous, superficial or sunken into
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shallow pits, persistent on the enlarged receptacles; embryo nearly filling

the achene, spathulate, the radicle inferior, straight. Base chromosome

number 7. Lectotype species: F. vesca L.; see P. A. Rydberg, N. Am.

Fl. 22: 356. 1908. (Name from fraga, the Latin name for the strawberry;

the adjectival form was used by Linnaeus in reference to the fruit's fra-

grance.) — Strawberry.

A natural assemblage of more than a dozen species primarily of the

North Temperate Zone, but also indigenous (mostly at higher elevations)

to Mexico, Central America, South America from central Chile southward

to Patagonia, and Hawaii. Species and cultivars have been introduced into

most of the world's temperate regions. Three species (and nine subspecies)

occur in North America, two in our area. The species, often difficult to

distinguish, can be placed in four groups that largely correspond to chromo-

somal ploidy level and geographical distribution. There are about nine

diploid species {In = 14) (all except Fragaria vesca confined to the Old

World), with F. vesca and F. viridis Duchesne distributed throughout most

of Europe, three species in Japan, and four species in the Himalayas. There

are only two tetraploid species {In = 28), F. moupinensis (Franchet)

Cardot and F. orientalis Losinsk., both of eastern Asia, and only F.

moschata Duchesne, of Europe, is hexaploid (2n = 42). Fragaria virgin-

tana Duchesne (North America), F. chilo'ensis (L.) Duchesne (California

to the Aleutians; Chile and Argentina; Hawaii), and /-'. iturupensis Staudt

(Iturup, Kuril Islands) are octoploid species with 2n = 56. The nomen-

clature used below is based on that of Staudt (1962), in an important and

rather widely accepted paper that unfortunately does not give descriptions,

synonymy, or complete geographical ranges for the subspecific taxa.

Fragaria vesca L. (inflorescence often racemiform with unequal primary

branches; calyx lobes spreading or reflexed after flowering; achenes super-

ficial on the fruit), In = 14, is circumboreal in distribution, occurring

throughout Europe, in northern Asia, northern Africa, eastern and western

North America, and Mexico. This species evidently is represented with us

only by the occurrence of F. vesca subsp. americana (Porter) Staudt (F.

americana Porter) in the rich woodlands of Watauga County, North Caro-

lina. This subspecies, which differs from the typical form by its more

slender habit, thinner, pale green leaves, and sparser, more or less appressed

indumentum, is found in eastern North America from the Gaspe Peninsula

southward to upland Virginia and northwestern North Carolina, and along

the northern edges of the prairies to British Columbia. The primary range

of subsp. vesca is Eurasian, but it is supposedly indigenous to Newfound-
land and eastern Quebec, and it has been introduced into the northeastern

United States. Staudt (1962) recognized two subspecies of F. vesca in

the western United States, subsp. bracteata (Heller) Staudt and subsp.

californica (Cham. & Schlecht.) Staudt. He suggested that the Mexican
and Guatemalan populations (often called F. mexicana Schlecht. or F.

Gillmanii Clinton) may conform to F. vesca subsp. vesca f. semperflorens
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(Duchesne) Staudt. It appears that subsp. americana is more closely re-

lated to subsp. vesca than to either subsp. bracteata or caUjomica.

Fragaria virginiana Duchesne has a very wide range: Newfoundland
and the Hudson Bay region, to British Columbia, the Yukon, and Alaska,

southward in the west to Montana. Colorado. New Mexico, and California,

and in the east to Georgia, Alabama. Texas, and the midwestern states.

This variable species, set apart by its low. -Under habit, usually symmetri-
cal umbellate cymes, small flowers and fruits, connivent calyx lobes, and
achenes that are in pits on the accrescent receptacle, is an octoploid with

In - 56. Several subspecies, varieties, and segregate species, based largely

on pubescence differences, have been proposed; further study of the vari-

ations and how they can be reflected best in a taxonomic scheme is needed.

Four subspecies, two of which occur in the southeastern United States.

were proposed by Staudt. Subspecies virginiana (including F. australis

Rydb.), with loosely spreading trichomes on the petioles and also often on
the peduncles, occurs mostly in open sites from Newfoundland westward to

Alberta and southward to Georgia and Texas; it is found only infrequently

on the Coastal Plain or in prairies. Plants with pinkish flowers have been
distinguished as forma maliflora Haynie. Fernald described F. multicipita

to include populations of the Gaspe Peninsula that have many crowns on
much branched rhizomes; Reed (in Darrow, 1966) postulated that these

may be virus-infected plants. Subspecies Grayana (Vilmorin) Staudt (F.

Grayana Vilmorin; var. Ulinoensis (Prince) Gray) is coarser throughout,

with denser, widely spreading trichomes on the petioles and peduncles; it

ranges from New York to Minnesota, south to Alabama, Louisiana, and
Kansas. Subspecies platypetala (Rydb.) Staudt and subsp. glanca (Wat-
son) Staudt occur in western North America.
The cultivated strawberry, Fragaria X ananassa Duchesne (F. grandi-

flora Ehrhart), is a hybrid between F. virginiana and F. chilocnsis that

originally arose spontaneously in European gardens in the mid- 18th Cen-
tury; it was first recorded and illustrated by Philip Miller in 1759. The
strawberry is grown commercially and in private gardens nearly through-

out our area, and cultivars have persisted or escaped from cultivation in

some areas. It is possible that part of the variation in F. virginiana may be

the result of introgression with cultivated or escaped plants of F. X anan-

assa. In the coastal areas of Washington and British Columbia, the distri-

butions of F. virginiana and F. thiloaisis overlap and putative natural hy-

brid populations occur; Staudt called these plants F. X ananassa notho-

morph cuneijolia (Nutt. ex Howell) Staudt. Almost since its discovery, F.

X ananassa has been the subject of intensive breeding and selection pro-

grams that have resulted in thousands of cultivars, practically all octoploid.

Numerous strains of both parental species from throughout their native

ranges have been tested for traits desirable in new cultivars. Recently,

other species of Fragaria have been hybridized with F. X ananassa in

attempts, for example, to introduce the distinctive flavors and aromas of F.

moschata and F. vesca into cultivated strawberries.
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Hypotheses about the relationships and evolution of the species have

come from the multitudinous genetical and cytological studies and from

recent chemical and intergeneric hybridization analyses. The diploid

species are quite different from each other morphologically and are difficult

to hybridize, with the exception of the closely related Fragaria nubkola

and F. viridis Duchesne. Hybrids between diploids are usually weak and

largely sterile, although meiosis is nearly regular, suggesting that the

genomes are mostly homologous with merely cryptic structural or plas-

matic differences. The tetraploid species are interfertile, and it has been

suggested that F. orientalis is an autopolyploid of F. vesca. The hexaploid

F. moschata has perhaps two F. viridis or F. nubkola genomes and one

genome of F. vesca. The octoploids F. virginiana and F. chilo'ensis are of

complex and probable polyphyletic origins, although they can be hy-

bridized readily. Staudt (1959) believes that the octoploids could not have

been derived from the American populations of F. vesca, but that they share

characters with eastern Asiatic diploid species such as F. Iinumae and

F. Daltoniana J. Gay. Bringhurst and his associates think that F. chilo'en-

sis is derived from F. viridis and American F. vesca, while F. viridis, F.

Iinumae, and European and American F. vesca are in the genealogy of

F. virginiana.

Bringhurst and his associates have studied extensively natural hybrid

populations between Fragaria vesca and F. chilo'ensis in coastal California.

Numerous novel ploidy groups were observed. These, and the postulated

origins of their parental gametes are: pentaploid {2n = 35; reduced

diploid 4- reduced octoploid), hexaploid {In = 42; unreduced diploid -f

reduced octoploid), enneaploid {In — 63; reduced diploid + unreduced

octoploid), decaploid {In - 70; unreduced pentaploid -f unreduced

pentaploid), decaploid (reduced octoploid + unreduced hexaploid hybrid),

12-ploid {In = 84; unreduced octoploid + reduced octoploid), and 14-

ploid {In - 98; double-unreduced pentaploid -f reduced octoploid). In-

stances of unreduced and double-unreduced gametes in Fragaria, particu-

larly in polyploid hybrids, also have been reported by several other investi-

gators, and it is now thought that such gametes may have played a signifi-

cant role in the evolution of polyploid Fragaria species. Although apomixis

has been reported in Fragaria, it does not seem to have been a major evolu-

tionary force in the genus.

The flowers of diploid species of Fragaria are perfect, except in F. vesca

subsp. bracteata, while perfect and imperfect flowers occur in polyploid

species; F. chilo'ensis subsp. sandwicensis and F. chilo'ensis f. chilo-

'ensis
^

among the polyploids have perfect flowers only. The expression of

staminate or carpellate flowers is evidently the result of a single gene with

multiple alleles. The allele that prevents the formation of functional sta-

mens (abbreviated by Staudt as SuF ) is dominant over the allele that blocks

the development of normal carpels (SuM), and both these alleles are

dominant over the factor for the production of perfect flowers {Su+). In the

hexaploid F. moschata, one SuF takes precedence over five SuM or Su+
factors and one SuM is dominant over five Su+ factors. While such poly-
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morphism assures a high degree of cross-fertilization in polyploid species,

some outcrossing is obligatory in perfect- flowered plants, since the stigmas

toward the center of the receptacle are receptive before the anthers of that

flower dehisce.

At least four different intergeneric hybrids have resulted from crosses

between Fragaria (carpellate) and Potentilla (staminate). A pentaploid

hybrid arose from the cross F. X ananassa {In = 56) X P. fruticosa var.

grandiflora {In - 14) ; a 7-ploid hybrid from F. X ananassa X P.

palustris {In = 42); a hexaploid hybrid from \F. vesca X F. X ananassa,

In - 70] X P- fruticosa var. grandiflora; and a triploid hybrid from auto-

tetraploid F. vesca {In = 28) X P. fruticosa var. grandiflora. Pollen of

P. anserina, P. anglica, P. crecta, P, reptans, P. rupestris, and P. nepalensis

will stimulate the production of normal fruit with large achenes on plants

of F. vesca. A hybrid has been reported between F. vesca (carpellate) and

Duchesnea indica (staminate). Knobloch (see family references) lists

three hybrids between Rubus cultivars and an unnamed species of Fragaria.

Generic lines are difficult to draw in tribe Fragarieae, and arguments

can be presented for the recognition of only one genus or for as many as

17. Potentilla is treated here in a broad sense to include Argentina Hill.

Comarum L., Pentaphylloides Duhamel, Dasiphora Raf., and Sibbaldiop-

sis Rydb.; Fragaria L. and Duchesnea J. E. Sm. are maintained. Other

members of this tribe are Horkclia Cham. & Schlecht. (17 spp. mostly of

California), Ivesia Torrey & Gray (22 spp., western North America).

Purpusia Brandegee (2 spp. of Nevada, Arizona, California, and Baja

California), Stellariopsis santalinoides (Gray) Rydb. (California), Cham-
aerhodos Bunge (5 spp. of eastern Asia, especially Siberia, and north-

western North America), and Sibbaldia L. (a complex of 6 to 20 species of

boreal, arctic, and alpine regions of the Northern Hemisphere).

A large number of references, many containing biologically important informa-

tion, have had to be omitted because of limitations of space. In the following

list those works that have extensive bibliographies are noted in the annotations.

Consult Horticultural Abstracts for current horticultural references. Under sub-

family references see Bessey, Bresinsky, Rydberg, and Schaeppi & Steindl;

under family references see Bate-Smith, Chute, Free, Hegi, Hulten (1958),

Love & Love, Rickett, Robertson, Roemer & Rtjdorf, and Ross-Craig.

Aalders, L. E. Production of maternal-type plants through crosses to apomictic

species. Nature 204: 101. 102. 1964. [Diploid and octoploid Fragaria cul-

tivars can set seed apogamously.]
Anderson, W. The strawberry, a world bibliography, 1920-1966. 731 pp.

Metuchen, New Jersey. 1969. [An invaluable key to the literature on straw-

Arney, S. E. Studies of growth and development in the genus Fragaria. I. Fac-

tors affecting the rate of leaf production in 'Royal Sovereign' strawberry.

Jour. Hort. Sci. 28: 73-84. 1953; * II. The initiation, growth, and emer-

gence of leaf primordia in Fragaria. Ann. Bot. II. 17: 477-492. 1953; III.

The growth of leaves and shoot. Ibid. 18: 349-365. 1954; IV. Winter
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growth. Ibid. 19: 265-2 76. 1955; V. Spring growth. Ibid. 277-287; VI.

The effect of photoperiod and temperature in leaf size. Jour. Exper. Bot. 7:

65-79. 1956; VII. The effect of defoliation on leaf growth. Phyton Buenos

Aires 5: 93-105. 1955: VIII. The effect of defoliation on leaf initiation and

early growth of the leaf initials. Ibid. 6: 109-120. 1956; IX. An investiga-

tion of floral initiation under natural conditions. Ibid. 7: 89-102. 1956.

CER, S. An intergeneric Fragaria X Potentilla hybrid. Hereditas 64: 135-139.

1970. [F. moschata 9 X P. fruticosa $ .]

. Some viewpoints on Fragaria X Potentilla intergeneric I".

Ibid. 67: 181-190. 1971.

rezenko, N. P. On studying microsporogenesis, male gametophyte and em-

bryogenesis in Fragaria grandiflora Ehrh. (In Ukrainian; Russian and

English summaries.) Ukrain. Bot. Zhur. 26(4): 82-89. 1969.

ridze, R. K. Phylogenetic relations and evolution of the genus Vragwrux in

the light of the new experimental data. X Int. Bot. Congr. Abstr. 332, 333.

INGHURST, R. S.,

&
. Origin of Fragaria polyploids. II. Unreduced and double-un-

reduced gametes. Am. Jour. Bot. 57: 969-976. 1970. LFor Part I, see

Senanayake & Bringhurst.]
& D. A. Khan. Natural pentaploid Fragaria chiloensis— F. vesca hy-

brids in coastal California and their significance in polyploid Fragaria evolu-

, & V. Voth. Biochemical relationships among Fragaria species.

(Abstr.) Ibid. 51: 688. 1964. [Phylogenetic relationships previously deter-

mined by cytology (see Senanayake & Bringhurst) confirmed.]

& Y. D. A. Senanayake. The evolutionary significance of natural

Fragaria chiloensis x F. vesca hybrids resulting from unreduced gametes.

Ibid. 53: 1000-1006. 1966.

1 & D. A. Khan. Fragaria polyploids, chromatographic analysis.

(Abstr.) Ibid. 53: 638. 1966. [Relationships of 9 species.]

Brown, T., & P. F. Wareing. The genetical control of the everbearing habit and

three other characters in varieties of Fragaria vesca. Euphytica 14: 97-112.

1965. [Also runner production and fruit color.]

Bumagina, S. I., & E. Mesarosh. The evaluation of the results of interspecific

hybridization in strawberry species Fragaria vesca L., Fragaria viridis Duch.,

Fragaria moschata Duch. based on the seed formation set in the hybrids

and on the vi
| seeds. (In Russian; English summary.)

Genetika Moscow 5(5): 32-38. 1969.

Comstock, R. E., T. Kelleher, & E. B. Morrow. Genetic variation in an

asexual species, the garden strawberry. Genetics 43: 634-646. 1958.

Dahlgren, K. V. O. Die Losung des micra»//w-Problems bei Fragaria vesca.

(English summary.) Bot. Not. 115: 288-292. 1962. [The micrantha char-

acters are the result of a periclinal chimera.]
Darrow, G. M. The strawberry: history, breeding and physiology, xiv -f-

447

pp. jrontisp. 52 col. pis. New York. 1966. [A useful, up-to-date book that

covers many topics; extensive references.]

Dogadkina, N. A. A contribution to the question of genome relations in some
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species of Fragaria. Compt. Rend. Acad. Sci. URSS II. 30: 166-168. 1941.

[F. vesca X F. X ananassa; F. orientalis X F. nwschata.]

Duchesne, A. N. Histoire naturelle des fraisiers, xii + 324 pp. Chart 4- 118 pp.

(Remarques particulieres.) Paris. 1766. [A remarkable work that still is

the basis for modern studies; see Guedes.]

. Fraisier, Fragaria. In: J. B. Lamarck, Encycl. Method. Bot. 2: 527-540.

1788.

Ellis. J. R. The allopolyploid hybrid between Fragaria vesca and F. nwschata.

(Abstr.) Proc. XI Int. Congr. Genet. 1: 209, 210. 1963.

. Cytogenetic studies in the genera Fragaria and Potent ilia. Ph.D. Thesis.

Univ. Manchester. 263 pp. 1958.*

. Fragaria-Potentilla intergeneric hybridization and evolution in Fragaria.

Proc. Linn. Soc. London 173: 99-106. pis. 1, 2. 1962.

Evans. W. D.. & J. K. Jones. Incompatibility in Fragaria. Canad. Jour. Genet.

Cytol. 9: 831-836. 1967. [F. vesca. F. viriilis. F. nubicola. F. nilgerrensis.}

Fadeeva, T. S. Problems of comparative plant genetics. 1. Principles of the

genome analysis on the example of the genus Fragaria. Genetika Moscow

1966(1): 12-28. 1966; 2. Genetics of characters and mutations in the straw-

berry. Ibid. 1966(7): 100-117. 1966; 3. The study of intraspecific variability

of the natural species forms in Fragaria vesca L. Vestn. Leningrad. Univ.

1966(21): 126-135. 1966; 4. The potential of genetic variability of species

as exemplified by the genus Pra^aria. Genetika Moscow 1966(12): 36-45.

1966. [All articles in Russian with English summaries.]
— & A. I. Dyatlova. Dynamics of germination of achenes of the reciprocal

hybrids of strawberry. (In Russian.) Bot. Zhur. 47: 1190-1194. 1962.

& V. N. Migalovskaya. Cytogenetical study of hybrids between three

species in the genus Fragaria L. (In Russian; English summary.) \estn.

Leningrad. Univ. 1966(2): 119-131. 1966. [F. vesca, F. viridis, F. mos-

Federova, N. J. Crossability and phylogenetic relations in the main European

species of Fragaria. Compt. Rend. Acad. Sci. URSS II. 52: 545-547. 1946.

Gupta, B. K. Chromosome survey in strawberries of Kashmir. Cytologia 35:

107-110. 1970.

Guedes. M. Notules de bibliographic botanique V— VIII. Jour. Soc. Bibliogr.

Nat. Hist. 6: 174-180. 1972. [VII. Un exemplaire de l'essai sur l'histoire

naturelle des fraisiers de Duchesne annote par l'auteur, 177.]

Guttridge, C. G. Evidence for a flower inhibitor and vegetative growth pro-

moter in the strawberry. Ann. Bot. II. 23: 351-360. 1959. [See also ibid.

Haskell, G, & H. Williams. Biometrical variation in flowers of a polyploid

series of strawberries. Jour. Genet. 52: 620-630. 1954. [Diploid, hexa-

ploid, and octoploid spp. ; cultivars.]

Hedrick, U. P., ed. Sturtevant's notes on edible plants, vii + 686 pp. frontisp.

Vol. 2(2), 27th Annual Rep. N.Y. State Agr. Exper. Sta. Albany. 1919.

[Fragaria, 273-282; includes discussion on the strawberry in classical and

pre-Linnaean literature; also see Sturtevant, Trans. Mass. Hort. Soc. 1888:

191-204. 1888.]

Hylander, N. Linnaeus, Duchesne and the strawberries. Sv. Linne-Sallsk.

Arsskr. 28: 17-40. 1945.
|
Reviews correspondence between Linnaeus and

Duchesne; in Swedish with English summary on pp. 95, 96.]
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Islam, A. S. Possible role of unreduced gametes in the origin of polyploid
Fragaria. Biologia Lahore 6: 189-192. 1960.

. Reinvestigation into the reported instances of paternal and maternal
inheritance in Fragaria. Ibid. 241-251. [Includes mention of a haploid F.
vesca derived by parthenogenesis from a cross between a diploid F vesca
and an octoploid.]

Jahn, O. L., & M. N. Dana. Crown and inflorescence development in the straw-
berry, Fragaria ananassa. Am. Jour. Bot. 57: 606-612. 1970.

& " Effects of cultivar and plant age on vegetative growth of the
strawberry, Fragaria ananassa. Ibid. 993-999.

Jones, J. K. Cytogenetical studies in genera Fragaria and Potentilla. Ph.D.
Thesis, Univ. Manchester. 1955.*

Kalkman, C. Potentilla, Duchesnea, and Fragaria in Malesia (Rosaceae).
Blumea 16: 325-354. 1968. [Notes on generic delimitation.]

Kahn D. A. Cytogenetics and inheritance of certain morphological and bio-
chemical characters in Ft mg species of different ploidy
levels. 151 pp. Ph.D. Thesis, Univ. California, Davis. 1964.* [Diss. Abstr.
26(4): 1873B. 1965.]

Klimstra, W. D., & F. Newsome. Some observations on the food coactions of
the common box turtle, Terrapene c. carolinae. Ecology 41: 637-647. 1960.
[Fragaria fruits eaten.]

Lebegue, A. Recherches sur la polyembryonie chez les Rosacees (g. Fragaria
et Alchemilla). Bull. Soc. Bot. France 99: 273-275. 1952. [F. vesca.-]

Losina-Losinskaja, A. S. Revision critique du genre Fragaria. (In Russian;
Latin diagnoses; French resume.) Izv. Glavn. Bot. Sada SSSR 25: 47-88.
1926.

McFadden, W. H., R. Teranishi, J. Corse, D. R. Black, & T. R. Mon. Vola-
tives from strawberries. II. Combined mass spectrometry and gas chroma-
tography on complex mixtures. Jour. Chromatography 18: 10-19. 1965.
[Over 150 components found, most of them identified.]

Nurnberg-Kruger, U. Genetische Untersuchungen an diploiden Fragaria-Arten.
L Die Kreuzung zwischen Fr. vesca und Fr. nilgerrensis, ihre Auswirkung
auf die Morphologie der Pflanzen und die Ausbildung des Geschlechts.
Zeitschr. Vererbungslehre 89: 747-773. 1958

Sattler, R. Organogenesis of flowers, xxvi + 207 pp. Toronto. 1973. [F.
vesca, 1 2 , /

;
excellent photographs of floral development.]

bENANAYAKE, Y. D. A. Morphological, cytological and biochemical studies on
tra^ria interspecific hybrids and on Fragaria-Potentilla intergeneric hy-
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sis. Am. Jour. Bot. 54: 221-228 1967

Sheets, L Runner formation on strawberry plants in autumn and winter. I.

Euphytica 4: ,3-59. 1955; II. Influence of the light intensity on the photo-
periodic behavior. Ibid. 240-244.

. Influence of the temperature on runner production in five strawberry
varieties. Ibid. 5: 13-17. 1956.
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—
. Cytogenetische Untersuchungen an Fragaria orientalis Los. und ihre

Bedeutung fur Artbildung und Geschlechts-differenzierung in der Gattung

Fragaria L. Zeitschr. Indukt. Abst. Vererbungslehre 84: 361-416. 1952.

. Die geographische Verbreitung der Gattung Fragaria und die Bedeutung

fUr die Phylogenie der Gattung. Ber. Deutsch. Bot. Ges. 66: 236-238. 1953.

. Die Yererbung des Geschlechts beider tetraploiden, diozischen Fragaria

orientalis Los. Ibid. 67: 384-387. 1954.

. Cytotaxonomy and phylogenetic relationships in the genus Fragaria.

(Abstr.) Proc. IX Int. Bot. Congr. 2: 377. 1959.

. Die Entstehung und Geschichte der grossfriichtigen Gartenerdbeeren

Fragaria X ananassa Duch. Zuchter 31: 212-218. 1961.

. Taxonomic studies in the genus Fragaria; typification of Fragaria species

known at the time of Linnaeus. Canad. Jour. Bot. 40: 869-886. pis. 1, 2.

1962. [The best modern survey of the genus, although it is difficult to ascer-

tain Staudt's delimitation of New World subspecifk taxa since descriptions

. Die Genetik und Evolution der Heterbzie in der Gattung Fragaria. I.

Untersuchungen an Fragaria orientalis. Zeitschr. Ptlanzenz. 58: 245-277.

1967; II. Die Artkreuzungen F. vesca X P- orientalis und F. viridis < F.

orientalis. Ibid. 309-322; III. Untersuchungen an hexa- und oktoploiden

Arten. Ibid. 59: 83-102. 1968. [All with English summaries.]

. Tests for ies. Hort. Res. Edinburgh 10(2): 148-

. Fragaria it urnpen sis. e:

7: 101-104. 1973. [The

World.]

Thompson, P. A. The development

tissues in relation to receptacle grow

589-605. pi. 1. 1963.

Watkins, R., & L. P. S. Spangelo. Components of genetic variance in the

cultivated strawberry. Genetics 59: 93-103. 1968.

, & A. T. Bolton. Genetic variance components in cultivated

strawberry. Canad. Jour. Genet. Cytol. 12: 52-59. 1970.

Westergaard, M. The mechanism of sex determination in dioecious flowering

plants. Adv. Genet. 9: 217-281. 1958. [Fragaria, 232-235.]

Winter. M.. & B. Willhalm. Sur l'arome des fraises fraiches. Analyse des

composes carbonyles, esters et alcools volatils. Helvet. Chim. Acta 47:

1215-1227. 1964.

10. Duchesnea J. E. Smith, Trans. Linn. Soc. London 10: 372. 1811.

Herbaceous perennials with rosettes of leaves on short, vertical root-

stocks and long, prostrate, leafy, sympodially branching stems; adventi-

tious plants produced frequently at nodes along the prostrate stems. Leaves

radical and cauline trifoliolale
I

infrequently simple), long petiolate; leaf-

lets nearly equal in size, serrate at least in the upper parts, short petiolu-

late; stipules of the rosette leaves adnate for half their length to the petiole,

those of the cauline leaves ± free. Inflorescences 1 -flowered, arising from
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the rosettes and also axillary along the prostrate stems; evidently ebracte-

ate. Flowers perfect, borne on long pedicels. Calyx lobes 5, equaling or ex-

ceeding the petals, valvate in aestivation, entire, narrowly triangular, alter-

nate with the 5 obovate, apically 3-5 -toothed epicalyx lobes, both epicalyx

and calyx lobes enlarging with the fruit and becoming reflexed; floral cup

short, saucer-shaped, free of the carpels, a nectar ring scarcely evident.

Petals 5, yellow, spreading, deciduous, narrowly obovate with ± entire

margins, inserted at edge of floral cup, imbricate. Androecium of 15-25

stamens in multiples of 5, some persistent; filaments of 3 lengths, free,

perigynous at edge of floral cup; anthers yellow. Gynoecium of many
free carpels on an elevated. ± hemispheric receptacle that enlarges in fruit;

styles inserted adaxially above the middle of the carpels, promptly cadu-

cous; stigmas terminal, discoid; each carpel with one pendulous and an-

atropous ovule, the micropyle superior. Accrescent receptacle red,

much like that of Fragaria, subcarnose, neither aromatic nor flavorful,

subtended by the persistent calyx and epicalyx, the entire fruits sometimes

falling from the plants. Achenes red, numerous, minute, superficial, with

an adaxial appendage, falling from the enlarged receptacle; embryo filling

the achene, the radicle superior, slightly bent. Base chromosome number

7. (Not Duchnesia Cass., 1817). Type species: D. fragiformis J. E. Sm.,

nom. illegit. = D. indica (Andrews) Focke. (In commemoration of An-

toine Nicolas Duchesne, 1747-1827, author of an early, quite remarkable

monograph on Fragaria.) — Indian strawberry.

Probably two species of the Old World, with Duchesnea indica (Fragaria

indica Andrews; Potentilla indica (Andrews) Wolf), In = 84, indigenous

from Afghanistan and India to China, Laos, Vietnam, Korea, Japan, Tai-

wan, and the Philippine Islands (introduced into Malesia, Europe, and
the New World), and D. chrysantha (Zoll. & Moritzi) Miquel, In = 14,

28?, ranging from Japan to southern China, India, Taiwan, the Philippines,

Sumatra, and Java.

Duchesnea indica is naturalized, mostly in open areas such as waste

ground, lawns, roadsides, and pastures, in the eastern United States from

northern Florida westward to eastern Texas and northward to southern Con-
necticut and New York, Ohio, Indiana, Illinois, Iowa, Arkansas, and Okla-

homa; it is also found occasionally on the Pacific Coast, primarily east of

the Cascade Mountains. This species is cultivated as a ground cover or

basket plant or as a low climber.

Plants of Duchesnea indica and D. chrysantha have a great resemblance,
particularly when in fruit, to Fragaria species and are sometimes included
within that genus. However, this similarity is probably the result of parallel

evolution. Duchesnea is perhaps more closely related to Potentilla, and
both Wolf (cf. Potentilla) and Kalkman alluded to affinities with P.

reptans. Artificial intergeneric hybrids are D. indica X P- reptans and
F. vesca X D. indica. The Fj hybrids of the first cross are quite vigorous
and produce numerous flowers but no fruit, while those of the second cross

are weak and do not flower.
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The achenes of Duchesnea indica sometimes have an adaxial appendage

similar to the elaiosomes of Potentilla sect. Fragariastrum ; the function

of such appendages in Duchesnea is not known, but in Potentilla sect.

Fragariastrum they evidently aid in the distribution of the achenes by

ants. It has been reported that birds may eat the fruits of D. indica.

Referen FS

family references see Bate-

Andrews, H. Fragaria indica. Indian strawberry. Bot. Repos. 7: pi 479. 1807.

Hara, H., & S. Kurosawa. On the Duchesnea indica group. Jour. Jap. Bot. 34:

161-166. 1959. [The only modern world-wide taxonomic revision.]

Haskell, G., & H. Williams. Biometrical variation in flowers of a polyploid

series of strawberries. Jour. Genet. 52: 620-630. 1954. [Includes D. indica.]

Hsu, C. C. Preliminary chromosome studies on the vascular plants of Taiwan

(II). Taiwania 14: 11-27. 1968. [D. chrysantha, 2n = 28.]

Kalkman, C. Potentilla. Duchesnea. and Fragaria in Malesia (Rosaceae).

Blumea 16: 325-354. 1968. [Notes on generic delimitation; D. indica placed

Ker-Gawler, J. B. Fragaria indica. Yellow-flowered strawberry. Bot. Regist.

1: pi. 61. 1815.

[ Fragaria. Genetics

Wight, R. G. Fragaria indica. Ic. PI. Indiae Orient. 3: pi. 989. 1845.

11. Potentilla Linnaeus, Sp. PL 1: 495. 1753; Gen. PL ed. 5. 219. 1754.

Perennial or infrequently annual or biennial herbs, rarely shrubs, often

with long rhizomes covered with persistent leaf bases, the plants rosulate,

caespitose, or with creeping stems rooting at nodes, sometimes with true

stolons. Leaves basal and/or cauline, digitate, trifoliolate, or imparipinnate,

the lower leaves long petiolate; leaflets toothed to dissected, sessile or

shortly petiolulate; stipules of the basal leaves adnate for most of their

length to the petioles and forming membranaceous wings, those of the

cauline leaves mostly free, entire, linear or deeply parted. Inflorescences

lax cymes or single flowered, arising from the crowns and/or creeping

stems, long pedunculate; bracts often foliaceous, deeply divided. Flowers

pale to bright yellow or white [or reddish-purple], usually perfect. Calyx

with an epicalyx, the epicalyx lobes 5 (4), alternate with and usually

equaling, but narrower than, the 5 (4) calyx lobes, both spreading at an-

thesis. valvate in aestivation; floral cup saucer-shaped or hemispheric, free

of the carpels, a nectar ring often prominent. Petals 5 (4). spreading, de-

ciduous, imbricate, orbicular, obovate, or cuneate, the apices often emargin-

ate, the bases rounded, seldom clawed, inserted at the edge of the floral cup.

Androecium of 10-30, usually 20, stamens, infrequently fewer or more,

les in fascicles; filaments tapering-filiform, free to the base, perigy-

the inside margin of the nectar ring; anthers yellow, basifixed,
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Mil,,

Figure 7 . Potentilla a-h, P. canadensis: a, voung plar t with first flowers of

af, X 1/2; c ;d,Iow er side of flower show-
- not shown, X 3 ; e, vertical section of flower,

inserted at inside margin of

nectar ring ical receptacle, X i 2
;

f, fruit, 2 epicalyx and
2 calyx lobes removed X 12. i, P. simplex:
leaf, X 1/ 2. j, P. rec /4. 'k-m, />'. ta: k, leaf, X l/2 I

l>

diagramma inflorescence X 1/2; m, uh-n<- X 12 -

didymous. Gynoecium of many [rarely only 5 or 10] simple, free carpels

on a hemispherical or conical receptacle; style terminal or lateral to nearly

basal on the adaxial side of the carpel, basally articulated, deciduous, fili-

form or short and basally thickened; stigma terminal, discoid; each carpel

with a single, anatropous and pendulous, ascending, or descending ovule,

the micropyle adaxial or abaxial. Accessory fruits dry, surrounded or

inclosed by the persistent, often accrescent calyx, the receptacle seldom
enlarging. Achenes smooth or variously textured, pubescent or not, some-
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times appendaged, at maturity detaching from the receptacle; embryo
filling the achene, the radicle inferior or superior. Base chromosome num-
ber 7. (Including Argentina Hill, Comarum L., Dasiphora Raf., and

Drymocallis Fourreau ex Rydb.) Lectotype species: P. reptans L., see

P. A. Rydberg, N. Am. Fl. 27: 293. 1908. (Name the diminutive of Latin

potens, powerful; originally applied to P. anserina for its reputed medicinal

powers.) — Cinquefoil, five-finger.

A taxonomically complex genus of perhaps 300 species of the North

Temperate Zone. The frequent occurrence of polyploidy, hybridization,

apomixis, and ecotype formation makes the number of biological species

impossible to determine at present. The genus is most diverse in northern

Eurasia, and many species are of arctic or montane regions. Not many
species are common to both the Eastern and Western hemispheres, and

there are very few indigenous species south of the equator. In North

America, the genus is particularly well developed in the western Cordil-

lera. Eleven species (four introduced from Europe) representing three

infrageneric categories occur in our area.

The classification of the genus is based largely on the treatments of the

North American species by Rydberg (1898, 1908), who divided Potcntilla.

sensu lato, into several segregate genera (with his restricted Potcntilla

including 176 species in 31 groups of undesignated rank), and the world-

wide revision of Wolf (1908) who assigned the 305 recognized species to

2 sections, 6 subsections, and 31 greges. (Citations of infrageneric categories

need to be checked carefully, since many names are not validly published,

several nonhomologous systems of classification have been used, and many
ranks are incorrectly given.) The numerous biosystematic investigations

since 1908 show clearly that these basic classifications need extensive re-

construction before true intrageneric relationships can be reflected.

Subgenus Potentilla is represented in our area by nine species in two

"groups." Potcntilla simplex Michx. | P. canadensis auct., non L.; P. carolin-

iana Poiret) and P. canadensis L. (P. pumila Poiret: P. caroliniana auct.,

non Poiret) belong to the ''Tomentillae/' Both of these native species are

perennial herbs with arching, nodally rooting stems that arise from basal

rosettes, digitate leaves, solitary flowers, glabrous carpels (although the

receptacle may be pubescent), and obliquely terminal, slender styles. Their

chromosome numbers are unknown. In P. simplex, the rhizome is elongated

and irregularly enlarged, the cauline leaves are well expanded when the

flowers in their axils are at anthesis, the leaflets of mature leaves are usually

less than half as wide as long and toothed nearly to the bases, and the first

flower of the season is usually produced in the axil of the second fully de-

veloped cauline leaf. This species occurs in dry moist pastures, fields,

thickets, open woodlands, and lawns from Newfoundland, Nova Scotia,

and southern Ontario to Minnesota southward to Georgia, Louisiana. Okla-

homa, and Texas. The plants characteristically have spreading-strigose

stems, petioles, and peduncles. Nearly glabrous individuals have been

separated as var. calvescens Fern, (from the northern limits of the species



376 JOURNAL OF THE ARNOLD ARBORETUM [vol. 55

to South Carolina, Illinois, Missouri, and Oklahoma), while plants with
the leaves silvery-sericeous beneath may be called var. argyrisma Fern.

(Pennsylvania and Indiana to Tennessee, Illinois, Missouri, Kansas, and
Arkansas). Potentilla canadensis differs in that the rhizome is shorter and
thicker than in P. simplex, the cauline leaves are only partly expanded at

anthesis, the leaflets of mature leaves are usually more than half as wide as

long and toothed only in the upper half, and the first flower of the season is

usually produced in the axil of the first fully developed cauline leaf. This
species ranges from western Nova Scotia and southern Maine to south-
western Ontario and northern Ohio southward to Georgia, Alabama, and
southeastern Missouri and is found mostly in dry habitats such as rocky
open woods, borders, pastures, fields, and lawns. Two varieties are some-
times recognized: var. canadensis with the petioles, stems, peduncles, lower
leaf surfaces, and calyces silky-pilose with appressed or loosely ascending,
soft trichomes (from the northern limits of the species to Long Island,

South Carolina, and Ohio), and var. villosissima Fern, with long villous,

loosely spreading to reflexed indumentum (Maryland and Ohio to the
southern limits of the species) ; Steyermark notes that the latter variety
occurs on acidic soils in Missouri.

Species of the "Supinae" group (including the "Rivales," "Argenteae,"
and "Rectae" of Rydberg and Wolf) are annual to perennial herbs with
cymose, many-flowered, leafy inflorescences terminating mostly unbranched
stems that arise from the rosettes; pale to light yellow flowers; glabrous
carpels; and subterminal, basally thickened styles. This group is primarily
of western North America and Europe; two indigenous, one possibly cir-

cumpolar, and four introduced species occur with us. The European Poten-
tilla argentea is readily recognized by the digitate leaves with narrow,
deeply toothed, revolute leaflets that are densely white-tomentose beneath.
Plants are usually diploid and commonly reproduce apogamously. In
North America it is naturalized from Newfoundland to Washington south-
ward to North Carolina, Tennessee, Ohio. Indiana, and Illinois. Potentilla
recta L. (including P. sulphurea Lam.), erect, hirsute perennial herbs with
nearly leafless cymes standing above th< principal foliage characteristic
digitate leaves with 5 to 7 oblanceolate, deltoid-toothed leaflets; petals
that much exceed the calyx lobes; and 30 stamens, is naturalized from
Europe in grassy or ruderal areas from Newfoundland, Quebec, Ontario,
and Minnesota to Georgia, Alabama, and Texas, as well as in Washington
and Montana. This species shows much less variation in North America
than m Europe. The only species of the "Supinae' in our area with pin-
nate leaves and a large, wedge-shaped appendage on the adaxial side of
the achene is P. paradoxa Nuttall ex Torrey & Gray, which is most abun-
dant in the Mississippi River valley, but ranges from Ontario to British
Columbia southward to Pennsylvania, Ohio, Illinois, Missouri, Kansas,
Louisiana, Texas, New Mexico, and northern Mexico; it evidently occurs
also in eastern Asia. Allied species are P. Nicolletii (S. Watson) E.
Sheldon of the midwestern United States (often included within P. para-
doxa) and P. supina L., of Europe
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Potcntilla pcntandra Kngelm. is a variable species with digitately quinate

or ternate basal leaves (the lower leaflets deeply divided), 5 stamens, and

smooth achenes. It is a plant mostly of sandy bottomlands and prairies

from Minnesota to Alberta, southward to Arkansas, Kansas, and Okla-

homa. The closely related P. millcgrana Kngelm. differs in the ternate

leaves, petals much shorter than the calyx lobes, and 10 or 15 stamens.

Not yet reported from our area, this species could occur in Arkansas, since

its known range is from Manitoba and Washington to Illinois, southern

Missouri, Kansas, Oklahoma, New Mexico, and California. Both P. pen-

tandra and P. millegrana are frequently merged with P. rivalis Nutt. ex

Torrey & Gray either at the varietal level or without taxonomic recognition;

these taxa may represent an apomictic complex.

Potcntilla norvegica L. (
/'. monspclicnsis L.), In = 70 (42, 56). is wide-

spread in the Northern Hemisphere, occurring in North America from

Greenland and Labrador to Alaska, southward to Georgia, Alabama, Cali-

fornia, and northern Mexico; it is uncertain whether this species is in-

digenous to the New World. The lower leaves are digitate, with three ellip-

tic to broadly elliptic leaflets; the calyx is accrescent in fruit; there are

usually 15 or 20 stamens; and the achenes are prominently ribbed. Swed-

ish plants of this species reproduce primarily by apomixis, which is as-

sumed to be the common method of reproduction throughout its range.

The European Potentilla intermedia L., 2w = 56, which differs from P.

norvegica by the mostly digitately basal leaves, has become naturalized from

Newfoundland, Quebec, and Michigan, southward to Virginia and North

Carolina. Apparently an obligate apomict, P. intermedia has morphological

features of both P. norvegica and P. argentea, and, consequently, is thought

to be of hybrid origin, although this remains to be proven. Potcntilla in-

clinata Vill. (P. canescens Bess.) is much like the two preceding taxa, but

the leaves are more densely pubescent, and the petals noticeably exceed the

calyx lobes. Indigenous to Europe. P. inclinata may be of hybrid origin

(P. recta X P. argentea): in North America it occurs from southwestern

Quebec and Ontario to North Carolina, Indiana, and Michigan.

Potentilla anserina L. (Argentina anserina (L.) Rydb.) has been re-

ported recently from Sevier County, Tennessee (Roger & Bosers, Castanea

34: 395. 1969). Characterized by pinnate leaves with numerous leaflets,

solitary flowers axillary along elongated stolons, glabrous carpels, and

lateral, filiform styles, this species is one of the most widely distributed

members of the genus, occurring from the arctic regions of North America,

Europe, and Asia, to California, New Mexico, the Mediterranean area, and

southeastern Asia. It occurs also in western South America from central

Chile to Patagonia, and it is naturalized in Australia, Tasmania, and New
Zealand. Plants from most of the eastern United States belong to subsp.

anserina (lower leaflets silvery-sericeous beneath with straight trichomes;

achenes dorsally grooved; bractlets usually toothed or lobed), In = 28,

42, a variable, self-incompatible subspecies found in most parts of temper-

ate Eurasia and North America. In the eastern United States and Europe,

subsp. anserina grows mostly in disturbed sites, where it is often a trouble-
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some weed, while, in the western United States, it is rarely seen except in

natural, unspoiled habitats. Potentilla anserine, sensu lato, has been
variously treated taxonomically; Rydberg divided the North American
representatives into 8 species, placing them in the segregate genus Argen-
tina Lam. Potentilla anserina is the only species of Rosaceae known to

produce the trihydroxyflavonoids myricetin and leucodelphinidin, com-
pounds that are also known from the Chrysobalanaceae.
The apomictic Potentilla arguta Pursh, In = 14, (plant erect, glandular-

villous; petals whitish; leaves pinnate; stamens 25 to 30, in 5 festoons on
a thick, glandular disc; style subbasal; receptacle distinctly enlarging in

fruit), was reported from the vicinity of Nashville, Tennessee, by Gattinger
(Fl. Tennessee, 1901 ) , but evidently has not been seen again in our area. Its

range is from New Brunswick and Quebec to Mackenzie and British

Columbia, southward to the District of Columbia, West Virginia, Ohio,

Indiana. Illinois, Missouri, Oklahoma, Colorado, and Arizona. It has been
placed in the segregate genus Drymocallis Fourr. (as D. agrimonioides
(Pursh) Rydb.) along with related species of Eurasia and western North
America, including P. glandulosa Lindley, one of the best studied flower-

ing plants of North America in terms of experimental taxonomy (Clausen,
Keck, &Hiesey).

Gattinger also reported Potentilla fruticosa L., shrubby cinquefoil,

golden-hardhack, of subg. Trichothalamus (Lehm.) Reichenb. (shrubs
with pinnate leaves, the leaflets entire; style clavate, subbasal; carpels

pubescent) from Cherokee County, North Carolina. Elkington recognized
two subspecies: subsp. fruticosa (tetraploid; plants dioecious) that ranges
from Ireland and northern Europe to Asia, and subsp. floribunda (Pursh)
Elkington (diploid; flowers perfect) that occurs in southern Europe,
Turkey, the Caucasus Mountains, Asia to Japan and the Kamchatkan
Peninsula, and North America from Labrador to Alaska southward to

Pennsylvania, Ohio, Indiana, Illinois, Iowa, South Dakota, Arizona, New
Mexico, and California. The other species of subg. Trichothalamus are

from eastern Asia. This group has been treated at the generic level as

Dasiphora Raf. or Pentaphylloides Duhamel.
^Potentilla tridentata Aiton (Sibbaldbpsis tridentata (Aiton) Rydb., 2«
- 28, three-toothed cinquefoil, of subg. Sibbaldiopsis (Rydb.) Boivin, a
low perennial with creeping, woody stems from a caudex; ternately com-
pound leaves with evergreen, coriaceous, apically 3- or 5-toothed leaflets;

white petals; filiform, basal styles; and pubescent carpels is primarily of

subarctic regions, occurring from Greenland, Labrador, and Mackenzie to

New England, New York, Michigan, Wisconsin, Iowa, and North Dakota,
and southward in scattered localities in the Appalachian Mountains to

northern Georgia. Potentilla ambigua Camb., of the Himalayas, and P.
Miyabei Makino, of Japan, are possibly close relatives.

Several types of breeding systems occur in Potentilla. Some species are
diploid (P. fruticosa subsp. floribunda) or polyploid (P. anserina, P. recta,
P. tridentata) and sexually reproducing, often with extensive ecotype
formation; others are apomictic diploids (P. argentea, P. arguta), a situ-
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ation very rare among the flowering plants ; and many are part of polyploid-

agamic complexes (P. canescens, P. intermedia, P. norvegica). The type

of reproduction, and often even the chromosome number, is not known for

most of the common species indigenous to eastern North America (e.g., P.

canadensis, P. paradoxa, P. pentandra, P. rivalis, and P. simplex). Apomixis

occurs most commonly in sect. Gymnocarpae subsects. Conostylae and

Gomphostylae, of Wolf. Unreduced embryo sacs of apomictic Potentilla

species usually are produced aposporously, although both diospory and

diplospory occur in the British P. Tabernaemontani. Since the arche-

sporangium is multicellular, the distinction between the two types of

embryo sac development is difficult to determine and may not be indicative

of any fundamental difference in Potentilla. The apomicts are pseudoga-

mous, and fertilization of the polar nuclei is necessary for seed develop-

ment; pollen of even distantly related species often functions, although

seed set is reduced. All transitions occur between complete sexuality,

facultative apomixis, and obligate apomixis. Even in the last case, unre-

duced egg cells can occasionally be fertilized. Throughout the genus, aneu-

ploidy and odd-level polyploids are very rare; chromosome numbers range

from 2n = 14 to 112; no triploid apomicts are known from nature. The

genetic control of apomixis is still poorly known but is believed to involve

several genes. Asker (1966, 1970-71) has shown that sexual tetraploids

resulted from colchicine treatment of apomictic diploids, and he also has

evidence that polyploidization and hybridization between apomicts may

interfere with the production of unreduced embryo sacs. "In Potentilla,

facultative apomicts may have arisen on the diploid level, later giving rise

to polyploids with stabilized obligate apospory; but . . . an independent

origin of apomixis in polyploids is also possible, at least where the argentea

complex is concerned" (Asker, 1970-71, III).

Under subfamily references see Bessey. Bresinsky, Nestler, Rydberg. ana

Schaeppi & Steindl; under family references see Bate-Smith, Boutineau,

Bunting, Chute, Devadas & Beck, Dipple, Gustafsson, Hara, Hegi, Hulten

(1958, 1971), Jesson, Lubbock, Rehder, Rickett, Robertson, Ross-Craig,

Asker, S. Induced sexuality after chromosome doubling in an apomictic rote\

tilla argentea-biotype. Hereditas 57: 339-342. 1967.

-. Apomictic biotypes in Potentilla intermedia and P. norvegica. Ibid. 6

101-108. 1970.

. Apomixis and sexuality in the Potentilla argentea complex. I. Crossi

with other species. Ibid. 127-144. II. Crosses within the complex. Ibi

189-204. III. Euploid and aneuploid derivatives (including trisomies) i

some apomictic biotypes. Ibid. 67: 111-142. 1971.
,

. Some viewpoints on Fragaria X Potentilla intergenenc hybndizatio

Ibid. 181-190. [Good review paper.]

. Studies in apomictic and sexual Potentilla L. 7 pp. Lund, Sweden. 19/
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[Abstract of papers submitted as a doctoral thesis to the University of
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Borhidi, A., & I. Isepy. Statistical studies on Potentilla species. Acta Bot.
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allies. 26-124; P. gracilis and its allies, 125-175; P. Drummondii and P.
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Love; P. norvegica.]
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Soueges, R. Embryogenie des Rosacees. Developpement de l'embryon chez le

Potentilla reptans L. Compt. Rend. Acad. Sci. Paris 200: 1972-1974. 1935.
Tansley, A. G. The nature and range of variation in the floral symmetry of

Potentate erecta (L.) Hampe. New Phytol. 47: 95-110. 1948. [Flowers
typically 4-merous, but 3-, 5-, and 6-merous flowers occur.]

Watson, P. J. Evolution in closely adjacent plant populations. 6. An ento-

m°I^U
f-f

P^?f'
Potentilla erecta

>
in two contrasting habitats. Heredity

Wolf,

Tribe Dryadeae DC.

12. Geum Linnaeus, Sp. PI. 1: 500. 1753; Gen. PI. ed. 5. 200. 1754.

Perennial herbs with rosettes terminating short, vertical rootstocks or
elongated, horizontal rhizomes covered with persistent leaf bases. Basal
leaves long petiolate, imparipinnately compound, mostly lyrate in out-
line, the terminal leaflet usually larger than the lower ones, the latter of
varying sizes, some usually greatly reduced or absent, the shape and
degree of division sometimes markedly different on the same plant; cau-
lme leaves similar to basal ones, but less compound and with shorter
petioles, often simple in the inflorescences; stipules of the basal leaves ad-
nate for their entire length to the petioles and forming membranaceous
wings, those of the cauline leaves free. Inflorescences terminating stems
arising from the rosettes, the flowers in several- to many-flowered open
cymes [rarely solitary]. Flowers white, yellow or pinkish [to orange or
purple], perfect, mostly 5-merous. Calyx with an epicalyx, rarely without;
calyx lobes erect, spreading, or reflexed at anthesis, commonly reflexed in

tout, green [or reddish]
; floral cup saucer-shaped [to campanulate or

short-cylmdric], free from carpels, a small to prominent nectar ring sur-
rounding mouth of floral cup or at base of carpels. Petals spreading [or
erect] at anthesis, deciduous, shorter than to exceeding calyx lobes, nar-
rowly to broadly elliptic, nearly circular or spathulate, the apices rounded
to emargmate, the bases rounded, narrowed, or rarely distinctly clawed,
inserted at outer edge of floral cup, imbricate. Androecium of 20 to many
stamens in several series; filaments glabrous [or pubescent], usually per-
sistent, pengynous on floral cup at outer edge of nectar ring [or on the sides
o the floral cup]

; anthers yellow. Gynoecium of several to very many free,
glabrous or pubescent, sessile [or stalked] carpels on a hemispheric to
nearly globose or cylindric, glabrous or hirsute, sometimes stipitate recep-
tacle; styles terminal, entire and wholly persistent or jointed and genicu-
late near or above the middle with the apical part deciduous, leaving a
ooked rostrum on the fruit; stigmas terminal, punctiform; each carpel

with a single, basal, upright-apotropous ovule, the micropyle inferior. Fruit
an aggregation of achenes with long, straight or hooked glabrous or plumose
persistent styles, the receptacle not enlarging but sometimes elevated above
the calyx on an elongated stipe; seeds erect, the radicle inferior, the seed
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coat membranaceous. Base chromosome number 7. (Including Acomastylis

E. L. Greene, Stylipus Raf., and Sieversia Willd.) Lectotype species:

G, urbanum L.; see Britton & Brown, Fl. No. U.S. Canada ed. 2. 2: 269.

1913. (A name used by Pliny, perhaps for G. urbanum.) — Avens.

ubgenera, primarily of the Northern Hemi-

:tic or alpine regions or moist boreal forests

;

a few species in the mountains of South America and in southern Africa,

Tasmania, New Zealand, and the Auckland Islands. Approximately 17

species in six subgenera are found in North America, all except Geum
urbanum indigenous, and ten of them are restricted to that area; twelve

species occur in eastern North America, seven in the southeastern United

States. Generic delimitation and subgeneric classification are still proble-

matical, and numerous segregate genera and several systems of division

have been proposed. Important treatments of the genus are those by
Rydberg (1913), Bolle, Gajewski, and Huber in Hegi.

Four species of subg. Geum (styles geniculate and jointed near the

middle or above, the upper part deciduous, leaving a hooked rostrum on
the achenes; epicalyx present) occur with us. Geum canadense Jacq., In

= 42, is a variable plant with flowers with white petals that equal or ex-

ceed the calyx lobes, densely pubescent receptacles, and sharply toothed

cauline leaves that only gradually become smaller and less compound
toward the stem apices. The terminal portion of the basal leaves varies

from simple and merely toothed to lobed, ternate, or pinnately compound.
The range of this species is from Nova Scotia to North Dakota, south to

Georgia, Alabama, and eastern Texas. The plant usually occurs in moist,

shaded habitats, such as woods, ravines, coves, stream banks, and thickets.

Fernald & Weatherby noted six recognizable trends (four varieties and two

forms) with differences in the type, distribution, and density of trichomes,

number of carpels per flower, and leaf morphology. Character correlations.

however, are quite weak, and subspecific categories probably are un-

The closely related Geum laciniatum Murray. In = 42 (G. vir^imanum

auct. not L.), has stouter pedicels, smaller petals that rarely exceed the

calyx lobes, and mostly glabrous receptacles. This species occurs only in

moist places, such as meadows, rich woodlands, and the margins of ponds,

streams, and ditches, from Nova Scotia and southern Ontario to Minnesota,

south to North Carolina, Alabama, Illinois. Missouri, and Kansas. Plants,

mostly from the southern part of the range, with sparsely hirsute, rather

than glabrous, achenes have been distinguished as var. trkhocarpum Fern.

The artificial hybrid between this and the preceding species is vigorous and

quite fertile. Gajewski (1957) noted that in G. laciniatum the achenes do

not readily become detached from the receptacle, but instead the entire

fruiting head is easily broken off at the base and dispersed as a unit.

Geum aleppkum Jacq., In = 42, has the widest distribution of any

species of Geum, occurring in northern Eurasia from Kamchatka and

Japan to Poland, Czechoslovakia, Hungary, and Albania, and in North
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America from Newfoundland and the Gaspe Peninsula to Mackenzie and

British Columbia, southward to North Carolina, Ohio, Indiana, Illinois,

Iowa, Nebraska, New Mexico, California, and northern Mexico. New
World plants have been called var. strictum Fern., but the great range of

variation in this species makes the recognition of subspecific taxa futile.

Gcum aleppicum can be recognized by its deep yellow to orange petals that

exceed the calyx lobes, hirsute receptacles, and pinnate basal, lower, and

middle leaves.

Geum virginianum L. (G. flavum (Porter) Bickn.; G. hirsutum Muhl.).

In = 42, is very similar to G. canadense, but differs in the cream-colored

to pale yellow petals that are shorter than the calyx lobes and in the larger

stipules. This species occurs in dry to moist upland woods and thickets

from Massachusetts to Indiana, south to South Carolina, Tennessee, and

Kentucky. Raynor and Gajewski indicate that G. virginianum may have

originated by hybridization between G. canadense and G. aleppicum.

Plants of true G. virginianum are quite fertile and show no segregation in

subsequent generations. The artificial Fj hybrid between G. canadense and

G. aleppicum. while morphologically similar to G. virginianum, is highly

sterile. Some herbarium specimens assignable to G. virginianum have

mostly aborted pollen and may represent natural hybrids; these are mostly

from north of our area where G. canadense and G. aleppicum are sympatric.

Geum geniculatum Michaux is a poorly known species restricted to balds,

shaded coves, and moist woods on the upper slopes of Roan and Grand-

father mountains in western North Carolina and eastern Tennessee, where

it is locally abundant. Nodding flowers, spathulate petals that are truncate

or emarginate above and clawed below, and plumose styles that exceed the

calyx lobes at or soon after anthesis (the terminal stylar portion as long as

or longer than the beak portion) characterize this species, which is quite

similar to the circumpolar G. rivale L., In = 42, but which differs from it

by the spreading (not strongly ascending) perianth, greenish (not purple)

floral cups, and hemispheric and sessile (instead of globose and stipitate)

fruiting aggregates. Gajewski (1957) thinks that G. geniculatum is a hy-

brid, with G. rivale being one parent. It cannot, however, be a first gene-

ration hybrid, since the nearest station for G. rivale is in West Virginia.

The percentage of pollen stainability of G. geniculatum is very high.

The only species of subg. Stylipus (Raf.) Torrey & Gray is Geum ver-

num (Raf.) Torrey & Gray {Stylipus vernus Raf.), In = 42, which occurs

in moist, rich woods, swamp forests, and shaded valleys from New York
and southern Ontario to Michigan and Iowa, southward to North Carolina,

Tennessee, Kentucky, Arkansas, and eastern Texas. This species has very

small flowers with cream-colored to yellow petals, a floral cup that lacks an

epicalyx, sepals that are strongly reflexed at anthesis, and an aggregation

of achenes that is elevated on a stipe above the calyx.
Subgenus Micracomastylis (F. Bolle) K. R. Robertson 6 (styles

"Geum subgenus Micracomastylis (F. Bolle) K. R. Robertson, comb. nov.

Acomastyhs E. L. Greene subg. Micracomastylis F. Bolle, Repert. Sp. Nov. Beih. 72:

85. 1933; including Acomastylis subg. Megacomastylis F. Bolle. Lectotype species:
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straight, not jointed, basally pubescent, wholly persistent in fruit) is rep-

resented with us by Geum radiatum Michaux (Sieversia radiata (Michaux)

Greene; Acomastylis radiata (Michaux) F. Bolle; Paragcum radiatum

(Michaux) Hara), In = 42, that is endemic to balds on the high moun-

tains of western North Carolina and eastern Tennessee. This species is

easily recognized by the basal leaves with a large, reniform terminal lobe.

The cauline leaves are few and much reduced in size. Its relatives are G.

Pcckii Pursh (White Mountains, of New Hampshire, and Brier Island,

western Nova Scotia), In = 42; G. Schofieldii Calder & Taylor (Queen

Charlotte Islands, British Columbia), In = 112; G. calthijolium Smith

(Japan and Kamchatka to Alaska and British Columbia), In = 42; and

two species of China and the Himalayas.

Geum, Waldsteinia, and Coluria R. Br. (5 spp. of China and southern

Siberia) are closely related and form a distinctive unit ("Geinae" of

Schulze-Menz in Melchior; tribe Geeae sensu Gajewski) of tribe Dryadeae

DC. (mostly shrubs and perennial herbs; styles terminal, elongated; each

carpel with one (exceptionally two) basal, erect-apotropous ovule; fruit

an aggregation of achenes). Other members of this tribe are Dryas

(Holarctic; 3 or more species [numerous local forms have been given specif-

ic status] ), Cowania D. Don (about six species of the southwestern United

States and Mexico), Fallugia paradoxa (D. Don) Endl. (southwestern

North America), Chamaebatia Bentham (2 spp. of California and Baja

California), Purshia DC. (two spp.; Oregon to Wyoming and Colorado,

California, and Mexico), and Ccrcocarpus HBK. (10 or more species;

Oregon to western Kansas southward to Mexico). The ovule type of these

genera was used by Juel to segregate them as a distinct subfamily, Drya-

doideae (DC.) Juel.

Within tribe Dryadeae are found adaptations that evidently resulted

from a change from insect to wind pollination. Most species of Geum and

Waldsteinia have complete perianth whorls and punctiform stigmas and

are insect pollinated. The flowers of Ccrcocarpus species are apetalous,

with the stigmatic area forming a crest on the styles, and are presumably

anemophilous. Some other genera of the tribe are intermediate between

these extremes. Several dispersal mechanisms also occur in the tribe. Species

of Geum subg. Geum and Stylipus have an achene surmounted by a

hooked rostrum that catches in the fur of mammals (and the clothing of

botanists). In G. heterocarpum Boiss., In = 28 (Spain and northern

Africa and disjunct in Asia Minor and Central Asia) the rostrum is straight

and bears many retrorse, apical bristles. Other species of Geum, and mem-

bers of Dryas, Cowania, Fallugia, and Cercocarpus, are wind dispersed by

their elongated, persistent, plumose styles. The achenes of Waldsteinia,

Chamaebatia, Coluria, and Purshia have no obvious dispersal mechanisms

and are perhaps eaten by birds and small mammals or carried by ants.

Some (or all?) species of Cercocarpus, Dryas, and Purshia have nitrogen-

fixing root nodules (see Rodriguez-Barrueco, family ref.).

22: 401. 1913. Gajew-
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The base chromosome number in Geum, Waldsteinia, and Coluria is 7.

In the other genera of Dryadeae it is 9, and only diploids are known. Most
species of Geum thus far known cytologically are hexaploid with 2n = 42.

Relatively few species are tetraploid, octoploid, decaploid, or 12-ploid, and
no diploids have been reported. The highest chromosome number reported
for the genus is In = 112 for G. Schofieldii. The chromosomes of Geum
species are mostly small and uniform in size and shape.
The species of Geum are mostly quite distinct and show considerable

differentiation in gross morphology, degree of polyploidy, and geographic
distribution; yet barriers to artificial hybridization are nearly nonexistent
in subg. Geum, and many intersubgeneric crosses can be made. Gajew-
ski's extensive studies indicate that the ability of two species to hybridize
generally does not appear to be correlated with systematic relationship,

chromosome number, direction of the cross, or biotypes used. There is,

however, considerable variation in the viability and fertility of the inter-

specific hybrids.

The inheritance of certain morphological traits has also been studied by
Gajewski. The presence of anthocyanin pigments in Geum rivale is due
to a single dominant gene. Perhaps three allelomorphic genes determine
petal color: one gene either allows the expression of the other genes or sup-
presses them (the petals are then white), another gene determines cream-
colored petals, and the remaining gene red petals. Yellow petals occur
when the genes for "color," "red," and "cream" are homozygous in the

same plant. Petal apices are controlled by one gene, with "emarginate"
dominant over "rounded." In F 2 hybrids between G. montanum L. In =
28 (styles straight, pinnately plumose, entirely persistent), and species of

subg. Geum, a variety of stylar types occurs in the same individual or

flower. In the second generation, most plants have hooked styles, but
"montanum" and intermediate type styles occur infrequently. (Gajewski
postulates that subg. Geum is of amphiploid origin between species re-

lated to G. montanum and Waldsteinia.)

Under subfamily references see Jackson and Schaeppi & Steind*; under
family references see Boutineau, Bunting, Chute, Devadas & Beck, Haea,
Hegi, Huber (1961-1966), Hulten (1958, 1971), Love & Love, Lubbock,
Rickett, Robertson, and Ross-Craig.

Bolle, F. Eine Ubersicht liber die Gattung Geum L. und die ihr nahestehenden
Gattungen. Repert. Sp. Nov. Beih. 72: 1-119. 1933.

Bucherer, E. Ueber Prolification und Ph '.
. Ber. Deutsch.

Bot. Ges. 10: 571-576. pi. 29. 1892.
Cheymol, J. Variations dans la composition glucidique de la racine de Benoite

{Geum urbanum L.) au cours de la vegetation d'une annee. Bull. Soc. Chim.
Biol. 13: 470-476. 1931.

Fernald M. L. Critical plants of the upper Great Lakes region of Ontario and
Michigan (continued). Rhodora 37: 273-301. pis. 363-375. 1935. [Geum,
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& C. A. Weatherby. Varieties of Geum canadense. Ibid. 24: 4 7-50.

1922. [6 recognizable, morphological trends; 4 vars., 2 forms.]

Gajewski, W. A cytogenetic study on the genus Geum L. Monogr. Bot. 4:

3-416. pis. 1-4. 1957. [Major taxonomic and cytogenetic paper on Geum;
many subgeneric names invalidly published.]

. Evolution in the genus Geum. Evolution 13: 378-388. 1959. [Morpho-
logical, geographical, cytological, hybridization, and genetical data used to

trace evolutionary history of genus.]

. The heredity of seed-dispersing mechanisms in Geum. Genetics today,

Proc. 11th Int. Congr. Genet. 1963. 2: 423-430. 1965. [G. rivale, G. mon-
tanion, and their hybrids.]

Grigorescu, E. Pharmakognostiche Studie iiber das Rhizom von Geum urbanum
und Bestimmung der Gerbstoffe. Farmacia 4: 226 +. 1956.* [Also see 6:

Hooker, W. J. Sieversia Peckii. Mr. Peck's Sieversia. Bot. Mag. 55: pi. 2863.

1828. [= G. Peckii.]

Iltis, H. Uber das Gynophor und die Fruchtausbildung bei der Gattung Geum.
Sitz-ber. Akad. Wiss. Math.-Natunv. Wien. Abt. I. 122: 1177-1212. pis.

1,2. 1913.

Juguet, M. Polyembryonie chez le Geum rivale L. Bull. Soc. Bot. France 113:

& A. Lebegue. Developpement de l'embryon chez les Geum rivale et

Geum reptans. Compt. Rend. Acad. Sci. Paris 261: 4814-4817. 1965.*

Kowal, T., & A. Krupinska. The diagnostic characters of fruits and seeds of

Geum L. species. (In Polish; extensive English summary.) Monogr. Bot. 29:

69-120. 1969. [26 spp.; key to species using fruit and seed characters; lllus-

Kral, M. Die Begrenzung der Gattung Parageum Nakai et Hara. Preslia 38:

151-153. 1966. [2 subgenera, 2 sects., and 2 series recognized.]

Marsden-Jones, E. M. The genetics of Gi urn '."• m thm Willd. haud Ehrh.,

and its back-crosses. Jour. Genet. 23: 377-395. pis. 12-15. 1930.

McArthur, I. C. S., & T. A. Steeves. An experimental study of vascular differ-

entiation in Geum chiloense Balbis. Bot. Gaz. 133: 276-287. 1972. [ =
Geum 'Mrs. Bradshaw.']

Phelouzat, R. Morphologic phyllotaxie, ontogenie de trois Rosacees: Agri-

monia Eupatoria L., Poterium Sanguisorba L., Geum urbanum L. Revue

Cytol. Biol. Veg. 26: 101-362. 1963.*

Psenak, M., A. Jindra, P. Kovacs, & H. Dulovcova. Biochemical study on

Geum urbanum. PI. Med. 19: 154-159. 1970.

Raynor, L. A. Cytotaxonomic studies of Geum. Am. Jour. Bot. 39: 713-719.

1952. [Based on a doctoral dissertation submitted to Cornell Univ. in

Schneider, G. H., Jr. Geum canadense, a study of its seasonal periodicity in

New Jersey. Castanea 17: 117-128. 1952.

Schulthess, H. Pharmakognostisch-an
gen von Drogen des Genera Geum,
pp. 1945 *

Soueges, R. Embryogenie des Rosacees. Les premiers stades du developpement

de l'embryon chez le Geum urbanum L. Compt. Rend. Acad. Sci. Paris 174:

1070-1072. 1922; Les derniers stades du developpement de l'embryon chez

le Geum urbanum L. Ibid. 1197-1199.
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13. Waldsteinia W'illdenow. Xcue Schr. Ges. Naturf. Freunde Berlin

2: 105. pi 4, jig. 1. 1799.

Low, perennial, colonial herbs with the aspect of strawberry plants,

the leaves in basal rosettes from crowns on slender subterranean rhizomes

at the time of flowering, but (at least in W. fragarioides) the rosettes later

elongating and the leaves cauline by autumn; roots adventitious along

monopodially branching rhizomes; indumentum of long and short, simple

as well as multicellular-glandular trichomes. Leaves ternately compound
or palmately 3-5-lobed, long petiolate, the leaf blades or leaflets variously

toothed and incised; stipules adnate to petiole for nearly their entire

length, forming membranaceous, reddish wings at base of petiole; lower

part of petioles and stipules persistent on the rhizomes. Inflorescences

loose, long pedunculate, few-flowered cymes arising from the rosettes;

bracts small, deltoid, entire to slightly 3-lobed [or foliaceous] . Flowers
light to bright yellow, the centers often more intensely colored, perfect.

Calyx with or without an epicalyx; calyx lobes 5, triangular-lanceolate,

persistent, valvate in aestivation ; floral tube obconic, free of the carpels, a

lobed nectar ring nearly covering the mouth of the floral tube. Petals 5,

spreading, deciduous, narrowly to broadly ovate, very short clawed with

2 basal auricles in W. geoides, inserted at the edge of the floral tube, quin-

cuncial cochlear. Androecium of 25-80 stamens; filaments slender, in

several series, persistent, perigynous around the periphery of the floral

tube; anthers yellow. Gynoecium of 2-6 (rarely more) free, pubescent,
distinctly stalked, superior carpels; styles terminal, articulated at the bases

and wholly caducous; stigmas terminal, punctiform; each carpel with a

single, basal, erect-apotropous ovule. Accessory fruits dry, surrounded by
the persistent calyx and filaments, the receptacle not enlarging. Achenes
dry, pubescent, plump, obovoid; embryo erect, the radicle inferior. Base
chromosome number 7. Type species: W . geoides Willd. (Named in

honor of Graf Franz de Paula Adam von Waldstein-Wartenberg, 1759-

Five species distributed in an Arcto-Tertiary relict pattern with Wald-
steinia geoides, In = 14, the only species of subg. Waldsteinia, in Bul-
garia, Yugoslavia, Rumania, southwestern Ukraine, Czechoslovakia, and
Hungary; W. jragarioides (Michx.) Tratt. in the eastern, and W. lobata

(Baldwin in Elliott) Torrey & Gray in the southeastern United States; W.
tdahoensis Piper in west-central Idaho; and W. ternata (Stephen) Firsch
m three widely separated areas: subsp. ternata along the southeastern shore

of Lake Baikal in eastern Siberia; subsp. Maximowicziana Teppner, In -
42, in Sakhalin, the Amur and Ussuri river regions, Manchuria, North
Korea, and Japan; and subsp. trifolia (Rochel ex Koch) Teppner, In =
28, 35, 42, in Austria, Rumania, and Czechoslovakia. The last four species



1974] ROBERTSON, GENERA OF ROSACEAE

comprise subg. Comaropsis (Richard in Nestler) Teppner. The t

used here is that adopted by Teppner in his recent revision of the genus.

Waldstcinia jragarioidcs (leaves ternately compound, epicalyx lobes

either absent or small and occurring only between some calyx lobes, pedi-

cels with red-capped glandular trichomes of two lengths) ranges from New
Brunswick and Maine to Ontario and Minnesota, southward to Georgia,

Alabama, and Missouri. A northern and a southern subspecies can be dis-

tinguished. Subspecies fragarioides, with the petals broadly obovate or

elliptic and greatly exceeding the calyx lobes, occurs in woods, thickets, and

clearings from the northern limit of the species to southwestern Virginia,

Ohio, Indiana, and southern Missouri; this taxon probably enters our area

in the mountains of northwestern North Carolina. Two chromosomal races

are known, diploid (2« = 14), reported from Ontario and Pennsylvania,

and triploid (2n = 21), known from localities in Quebec, Ontario, New
York, and Pennsylvania. The southern subsp. Doniana (Tratt.) Teppner

(IP. Doniana Tratt.. IP. parviflora Small. IP. fragarioides var. parviflora

(Small) Fernald) has petals that are narrower and shorter than the calyx

lobes. It is restricted to the mountains and Piedmont of North and South

Carolina, southern Kentucky, Tennessee, and northern Alabama and

Georgia. Waldsteinia jragarioidcs and IP. tcrnata are quite similar morpho-

logically and form a pair of closelv related vicarious species, as noted by

Ga^ewski.

Waldstcinia lobata is a very poorly known species endemic to the Pied-

mont of Georgia and adjacent South Carolina. Both IP. lobata and its

close relative IP. idahoensis, an endemic of the Bitter Root Mountains in

Idaho, have three- to five-lobed leaves and calyces that lack epicalyx lobes;

in IP. lobata the petals are about the same length as and narrower than the

calyx lobes, while in IF. idahoensis the petals much exceed the calyx lobes

in both length and width. Chromosome counts are lacking for these two

species, but Teppner (1968) notes that the larger pollen grains frequently

with four instead of three colpi in IP. idahoensis suggest a higher ploidy

level in that species than in IF. lobata. Gajewski thought that IP. lobata

and IP. geoides were allied vicarious species. However, although both

species have lobed rather than compound leaves, they differ in numerous

floral details, and Teppner placed them in distinct subgenera.

The only confirmed interspecific hybrid is Waldsteinia X Vranyi

Hendrych (IP. geoides X IP. ternata subsp. trifolia).

The genus is of little economic importance. Some species, particularly

Waldsteinia ternata and W. fragarioides, are cultivated as ground covers,

used in edging borders, or grown in rock gardens.

References:

Fernald, M. L. Critical plants of the upper Great Lakes i
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Michigan (cont.). Rhodora 37: 272-301. pis. 363-375. 1935. \_Wa

. Evolution in the genus Geum. Evolution 13: 378-388. 1959. [Includes

Hooker, W. J. Dalibarda lobata. Hooker's Ic. PI. 1: pi. 76. 1837. [= W . lobata.]

Mulligan, G. A., & B. R. Baum. In: A. Love, IOPB chromosome number re-

ports XXVIII. Taxon 19: 608-610. 1970. [W. fragarioides, In = 14

(Ontario and Pennsylvania) and In = 21 (Quebec, Ontario, and Pennsyl-

Sims, J. Dalibarda fragarioides. Strawberry-leaved Dalibarda. Bot. Mag. 38:

pi. 1567. 1813. [= W. fragarioides subsp. Doniana.]
Teppner, H. Zur Kenntnis der Gattung Waldsteinia. 1. Schliisel zum Bestimmen

von Rosaceen-Pollen einschliesslich ahnlicher Pollenformen aus anderen
Familien. Phyton Austria 11: 224-238. 1966.

.
Zur Kenntnis der Gattung Waldsteinia Inaug. Diss., Karl-Franzens-

Univ., Graz. 129 pp. -f 39 pi. Graz. 1968. [World-wide revision.]
WALDSTErN, F. P. A. von, & P. Kitatbel. Waldsteinia geoides. Descr. Ic. PI.

Hungariae 1: 79. pi. 77. 1801 or 1802.

Tribe Sanguisorbeae Juss. [rank assigned by DC. Prodr. 2: 588. 1825].

14. Agrimonia Linnaeus, Sp. PI. 1 : 448. 1753; Gen. PI. ed. 5. 206. 1754.

Perennial herbs with erect stems arising from stout horizontal rhizomes,
stems mostly unbranched below the inflorescences; roots coarse, fibrous,

sometimes with fusiform thickenings; indumentum of simple and/or glan-

dular trichomes, the density various. Leaves imparipinnate, the basal
leaves rather small, not persistent, the cauline ones with small leaflets

interspersed between large leaflets, the leaflets sharply toothed or lobed;
stipules of the basal leaves elongate, adnate to either side of the petiole and
forming a dilated wing, the apices free, acuminate, the margins with few
or no teeth, those of the cauline leaves larger and broader, only basally
adnate to the petiole, the margins deeply toothed or divided. Inflorescences
several elongate racemes terminating the main stems, the flowers nearly
sessile, the pedicels ascending in flower, spreading or descending in fruit,

subtended by a small bract, the floral cup with 2 small bractlets beneath.
Flowers small, 5-merous. Calyx without an epicalyx, the lobes spreading at

anthesis, becoming incurved and forming a beak on the fruit; floral cup
turbinate to hemispheric, the throat constricted, the outer rim of the cup
with numerous hooked bristles that elongate and stiffen in fruit; nectar
ring prominent, conical, nearly closing the mouth of the floral cup. Petals
yellow, small, oval to orbicular, without claws, caducous. Androecium of

5-15 stamens; filaments slender, inserted at the outer edge of the nectar
ring; anther locules somewhat separated by the broad connectives. Gynoe-
cium of 2 separate carpels inserted at the base of, and free from, the floral

cup; styles terminal; stigmas terminal, somewhat 2-lobed; each carpel with
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a solitary, anatropous ovule pendulous from an adaxial placenta, the micro-

pyle superior. Fruit accessory, of 2 achenes inclosed within the enlarged,

hardened, usually 10-grooved floral cup, the bristles stiff, hooked, reflexed

to ascending; each achene with a single seed, the seed coat membranaceous,
the radicle superior. Base chromosome number 7. Type species: A.
Eupatoria L.; see Linnaeus, Gen. PI. ed. 5. 206. 1754. 7— Agrimony.

About 18 species with ten in North America (seven in our area), two in

eastern South America, two confined to eastern Asia, A. rcpcns L.. In 1$,

in Anatolia (naturalized in other parts of Europe), A. proccra Wallroth
(A. odorata auct.), In = 56, in Europe, A. Eupatoria L., In = 28, with

three subspecies extending from Europe to central and southwestern Asia.

and A. pilosa Ledeb., In = 56, that ranges from eastern Europe to the

Himalayas, China, Siberia, and Japan. The genus is being revised by
Vladimir Skalicky, who groups the species into five series and several sub-

Agrimonia gryposepala Wallroth, In = 56, the only member of series

Procerae Skalicky in our area, ranges from Prince Edward Island to On-
tario, northern Michigan and North Dakota, southward to New Jersey,

Pennsylvania, Indiana, Missouri, eastern Kansas, and Louisiana, and in

the mountains of eastern Tennessee and western North and South Carolina.

This species, readily distinguished from others in the Southeast by its

larger fruits (to 8 mm. long) and the minutely glandular inflorescence

branches, prefers moist habitats, such as thickets, woodlands, and the

borders of woods; with us it is found mostly in bogs, meadows, and low

pastures. Agrimonia macrocarpa Rydb., of Mexico, and A. procera, of

western, central, and southern Europe, are allied species.

Series Tuberosae Skalicky, named for the fusiform-thickened roots, is

strictly American, and all four species are found with us. Agrimonia pubes-

cens Wallroth (A. mollis (Torrey & Gray) Britton), with cauline indumen-
tum of long, incurving, eglandular trichomes, lower leaves with mostly 5

to 7 (rarely 9), elliptical leaflets, and mature fruits 2.5-5 mm. long, ranges

from New England, southern Ontario, Michigan, and Minnesota to the

Carolinas, Tennessee, Georgia, Alabama Mississippi, Missouri, Arkansas,

eastern Kansas, and Oklahoma, occurring in rather dry, often calcareous

habitats. The very similar A. Bicknellii (Kearney) Rydb. (Massachusetts,

New York. Michigan, and Illinois, to New Jersey, Pennsylvania, North

Carolina, Tennessee, and Georgia) is often merged with A. pubescens. It

differs from A. pubescens in the greater number of leaflets (usually 7 to
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13) and in the spreading instead of ascending bristles on the fruit. Agri-

monia microcarpa Wallroth (A. pubescens var. microcarpa (Wallroth)

Ahles; including A. platycarpa Wallroth and A. pumila (Muhl.) Bicknell)

is a woodland species with a more southern distribution (Pennsylvania,

New Jersey, southward to the Virginias and Carolinas, Kentucky, Ten-

nessee, Georgia, and Florida, and westward to eastern Texas). It is dis-

tinguished by the longer, more spreading trichomes on the stems, the fewer

leaflets per leaf (3 to 5 or rarely 7), and the smaller fruits (1.5 to 3 mm.
long). These three species are grouped by Skalicky in his subseries Tube-

rosae. The only species of subseries Rostellatae Skalicky is A. rostellata

Wallroth (A. striata sensu Bicknell), which occurs in open woods from

southern New England, New York, Ohio, Indiana, Illinois, Missouri, and

eastern Kansas, southward to the Carolinas, Georgia, Oklahoma and east-

ern Texas. It is characterized by an indumentum of glandular trichomes

and small fruits with the calyx lobes exceeding the short ascending or

spreading bristles.

Series Parviflorae Skalicky has an unusual geographical distribution:

two species in eastern North America and two poorly known species, A.

villosa Cham. & Schlecht. and A. hirsuta Bongard in Meyer in southeastern

Brazil. Agrimonia parviflora Aiton, a plant of moist, open areas, is found

from Florida to Texas north to Connecticut, New York, southern Ontario,

Michigan, Illinois, Iowa, and Nebraska. It occurs disjunctly on Hispaniola.

This is a rather coarse plant with spreading, lon^-villniis stems, and leaves

that have 11 to 15 abaxially glandular-dotted, lanceolate large leaflets and

numerous small leaflets per leaf. Agrimonia incisa Torrey & Gray, quite

similar but with deeply incised leaflets only 1 to 3 cm. long, is restricted to

pine woods from South Carolina to Florida, and Mississippi. This series is

supposed to lack fusiform-thickened roots, but at least one collection (Cur-

tiss 753 [gh], dry pine woods near the Santee Canal, South Carolina),

definitely has such roots.

Fourteen genera comprise tribe Sanguisorbeae (carpels one to four, rarely

to ten, inclosed by, but not adnate to, the urceolate floral cup; fruits achenes

inclosed by the usually dry and hardened floral cups that frequently have
spines or marginal wings; ovules solitary; stamens 15 or fewer, rarely to

ca. 50; leaves mostly imparipinnate) ; the tribe is particularly diverse

south of the Tropic of Cancer in South America and Africa. The genera

can be placed in three groups (variously treated as tribes or subtribes:

Agrimonia and related genera; Alchemilla; and Sanguisorba and con-

geners. Genera allied to Agrimonia are Arrmonia Necker ex Nestler, norm
cons. (A. agrimonoides (L.) DC, central and southern Europe); Spenceria
Tnmen (two species, China); Hagenia J. F. Gmelin (//. abyssinka
(Bruce) J. F. Gmelin, tropical Africa); and Leucosidea Ecklon & Zeyher
(L. sertcea Ecklon & Zeyher, South Africa).
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Under subfamily references see Schaeppi & Steindl; under family references
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monia Celsi. Beitrage zur Botanik. Leipzig 1: 1-61. pi. 1. 1842.

15. Alchemilla Linnaeus, Sp. PI. 1 : 123. 1753; Gen. PI. ed. 5. 59. 1754.

Small, much branched annual [or, more commonly, moderate sized,

rhizomatous, or cespitose perennial] herbs. Leaves simple [rarely com-

pound], orbicular in outline, palmately [very rarely pinnately] lobed or

dissected, short [to long] petiolate, all cauline [or also basal in rosettes]

;

stipules deeply divided, adnate to the bases of the petioles, those of each

leaf connate, clasping the stems and inflorescences, with the appearance

of a multifid perfoliate leaf [or the basal leaves with adnate but not con-
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nate stipules]. Inflorescences few flowered, sessile cymules in the axils of

the leaves [or flowers rarely solitary or cymules arranged in elongate,

compound panicles or corymbs]. Flowers very small, perfect, apetalous,

usually 4-merous. Calyx with or rarely without an epicalyx, the epicalyx

lobes minute [to larger than the calyx lobes] , the calyx lobes green [yellow-

ish] slightly spreading at anthesis, persistent, valvate in aestivation; floral

tube urceolate [turbinate or campanulate] , free of the carpels, the throat

nearly closed by a fleshy nectar ring. Petals absent. Stamen 1 [or stamens

2-5], opposite for alternate with) a calyx lobe; anther extrorse [or in-

trorse]
; filament short, inserted at the inner [or outer] edge of the nectar

ring. Gynoecium of 1 carpel [or as many as 10], carpel (s) sessile [or short

stipitate] at the base of the floral tube and included within it; style inserted

at the base of the ovary, protruding above the throat of the floral tube;

stigma discoid; each carpel with a single, ascending, orthotropous ovule.

Fruit an achene enclosed within the dry, thin floral tube that does not

greatly elongate; seed coat thin; embryo filling the seed, the radicle

superior, straight, the cotyledons flattened, broadly ovoid. Base chromo-

some number 8. (Including Aphanes L., Lachemilla (Focke) Rydb., and

Zygalchemilla Rydb.) Lectotype species: A. vulgaris L.; see P. A. Ryd-

berg, N. Am. Fl. 22: 377. 1908. (Name adopted, with a change in spelling,

from Tournefort, the word evidently of Arabic origin; there have been

various attempts to link the name with the possible use of plants of this

genus in alchemy.)

Estimates of the number of species vary from 100 to over 1000, depend-

ing on how apomictic complexes are treated. Three subgenera can be

recognized. Subgenus Alchemilla (perennials; stamens 4, inserted on the

outer edge of the nectar ring, alternate with the calyx lobes; anthers in-

dorse) is primarily of the northern and alpine regions of Eurasia, but it also

occurs in East Africa, Madagascar, India, Ceylon, and southeastern Asia.

A few species are amphi-Atlantic, reaching Greenland, Labrador, New-
foundland, and the Maritime Provinces of Canada. Perhaps three other

species are introduced into eastern North America, but none occurs in our

area. Subgenus Aphanes (L.) Reichenb. (annuals of low elevations, often

weedy; stamen solitary, rarely paired, opposite a calyx lobe and on the

inner margin of the nectar ring; anther extrorse) has been said to include

20 species and to have a disjunct distribution with species described from

Europe, the Mediterranean region, eastern North America, western North
America, southwestern South America, the eastern coast of South America,

and Australia. However, most or perhaps even all of the "species" found

outside Europe may be introductions of the European A. arvensis (L.)

Scop, and/or A. microcarpa Boiss. & Reuter. The latter is found with us.

This subgenus probably was confined to Europe before western man began
his explorations of the world. Subgenus Lachemilla (Focke) Langerh.

(perennials; stamens 2, rarely 3 or 4, opposite calyx lobes and inserted at

the inner edge of the nectar ring; anthers extrorse), confined to high eleva-

tions in the western Cordilleras of the Americas, includes about 50 species

occurring from Mexico to Chile, Bolivia, and Argentina; A. domingensis
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Urban is restricted to the Dominican Republic. These three subgenera

are often given generic status, particularly in European floras, and, when
only members of subg. Alchemilla and Aphanes are considered, such a

treatment has merit. This position is less tenable when subg. Lachemilla
is examined, since its diverse members largely bridge the discontinuities

between the first two subgenera. Dr. Lily Perry monographed Lachemilla

in 1929, treating it as a section of Alchemilla; she now thinks that it is

generically distinct.

Alchemilla microcarpa (Aphanes microcarpa (Boiss. & Reuter) Roth-

maler; Aphanes australis Rydb.), In - 16, parsley-piert, a tiny winter

annual of western Europe and the Mediterranean region, is naturalized in

the United States from Delaware and the District of Columbia along the

Piedmont and inner Coastal Plain to North Carolina, Tennessee, Georgia,

Florida, Alabama, Mississippi, and eastern Texas. This species, usually

occurring in open, disturbed areas and sometimes becoming a troublesome

lawn weed, supposedly reproduces sexually, although it is closely allied to

the facultatively apomictic A. arvensis, 2n = 48.

All of the European species of subg. Alchemilla (except A. pentaphyl-

lea L. and a few others) are obligate apomicts, but many of them are no

more difficult to delimit than sexually reproducing species in other genera.

Some are very widely distributed and, although often quite variable, retain

morphological distinctions; a large number have very local or disjunct dis-

tributions, but likewise present no taxonomic difficulties. These species are

high-level polyploids (to 2« = ca. 220, ca. 224 in A. faroensis (Lange)

Burser), and it has been suggested that they are complex hybrids involv-

ing now extinct sexually reproducing species.

Because of its apetalous flowers, urceolate floral tubes inclosing the

solitary or few carpels, and fruits with achenes inclosed by the floral cup,

Alchemilla is often included in tribe Sanguisorbeae Juss., along with Agri-

monia L., Sanguisorba L., and about ten other genera. Alchemilla differs

from these, however, in its palmate leaves, basal styles, basal, orthotro-

pous ovules, and base chromosome number of 8. It is sometimes placed in

its own tribe; Schulze-Menz in Melchior considered it a subtribe of his

Potentilleae.

Under subfamily references see Schaeppi & Steindl; under family refer-

ences see Bate-Smith Boutineau Bunting, Gustafsson, Hegi. Hulten

(1958), Jessen, Lubbock, Rickett, and Ross-Craig.
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nebst einigen im Zusamrnenhang damit stehenden Fragen. Lunds Univ.

Arsskr. II. Sect. 2. 13(4): 1-37. 1917.

. Neue embryologische Studien iiber Alchemilla arvensis (L.) Scop. Bot.

Not. 124: 209-250. 1924.

Fernald, M. L. Noteworthy plants of southeastern Virginia (continued).

Rhodora 40: 434-459. pis. 521-530. 1938. [Alchemilla, 435, 436; eastern

North American plants ai
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Turesson, G. Variation in the apomictic microspecies Alchemilla vulgaria L.
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16. Sanguisorba Linnaeus, Sp. PI. 1 : 116. 1753; Gen. Pi. ed. 5. 53. 1754.

Branched perennial herbs from stout rhizomes, rarely short-lived peren-

nials or annuals from tap-roots [or shrubs]; indumentum of unicellular,

multicellular, and/or glandular trichomes. Leaves basal and cauline, im-

panpinnately compound, long petiolate, the leaflets sessile or shortly petio-

lulate, toothed or deeply dissected; stipules partly sheathing the sterns,

those of the basal leaves adnate for their entire length to the petioles and
forming membranaceous wings, those of the cauline leaves basally adnate to

the petioles, the apices free and leaflet-like. Inflorescences compact to

dense, long pedunculate, many flowered, indeterminate [or determinate]
spikes or heads, several inflorescences terminating each stem, each flower

nearly sessile, subtended by 1 bract and 2 bractlets (sometimes reduced).
Flowers small, perfect or imperfect, the plants then variously monoecious.
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Calyx lobes 4, somewhat petalnid. white, unm. or reddish, at length de-

ciduous; floral tube urceolate, ± 4-angled, variously textured, a nectar

ring nearly closing the mouth of the tube or absent. Petals absent. Androe-
cium of 2, 4, or to ca. 48, included or exserted stamens; filaments white or

green, filiform or flattened above, long or short, not persistent; anthers

didymous; pollen 6- or 3-colporate. Gynoecium of 1, 2, or rarely more
carpels inclosed by, but free from, the floral tube; styles terminal, slightly

or greatly exserted beyond the throat of the floral tube; stigmas much
branched, the branches short to filiform; each carpel with a solitary, an-

atropous ovule pendulous from an adaxial placenta, the micropyle superior.

Fruit accessory, of 1 or 2 hard-walled achenes inclosed within and filling

the enlarged, 4-angled or 4-winged, dry, chartaceous floral tube. Seed
coat thin, membranaceous; radicle superior. Base chromosome number 7.

(Including Poterium L., 1753, and Poteridiutn Spach; Sanguisorba and
Poterium first united, under the former name, by Scopoli, Fl. Carniolica ed.

2. 1: 110. 1772.) Lectotype species: 5 officinalis L.; see P. A. Rydberg,
N. Am. Fl. 22: 386. 1908. (Name from the Latin sanguis, blood, and
sobere, to absorb, from the use of the type species as an astringent.) —
Burnet.

Eighteen or more often variable species in four subgenera of the Northern

Hemisphere. The genus has been studied in detail by Nordborg, and the

classification used here is based on her work. Subgenus Sanguisorba
(flowers all perfect, leaflets crenate or serrate, stamens 12 or fewer) is

nearly circumpolar in distribution but is absent from Greenland. Nord-
borg (1966) recognized two sections and five "species groups." Members of

sect. Sanguisorba (pollen 6-colporate, floral tube ± 4-angled and winged)

include S. canadensis L., which occurs in our area, and S. officinalis, a

broadly distributed species (circumpolar except for eastern North America
and Greenland). Subgenus Poterium (L.) A. Br. & Bouche (flowers

perfect and imperfect, the plants variously monoecious, floral tube sculp-

tured in fruit) ranges from Europe, northern Africa, and southwestern

Asia to the Himalayas; S. minor Scop, is naturalized in North America.

Subgenus Poteridium (Spach) A. Br. & Bouche (leaflets pinnatifid. sta-

mens 4 or 2) is composed of one or two species of the south-central United

States and western North America. Subgenus Dendriopoterium (Svent.)

Nordborg (shrubs, all flowers imperfect) has three species restricted to the

Canary Islands and Madeira.
Sanguisorba canadensis, American burnet, a tall perennial herb with large

pinnate leaves, white flowers in cylindrical, indeterminate spikes, four long-

exserted stamens, and one smooth carpel per flower, occurs in moist areas

frequently underlaid by peat, such as marshes, meadow*, hogs, and rraHes
from Labrador and Newfoundland to Manitoba and Michigan, southward
to New Jersey, Delaware, Ohio, Indiana, and Illinois and in the Appalach-

ians to North Carolina. Plants with broader and shorter leaflets and sepals

tinged with red and purple are found in subarctic or montane regions from

Alaska to northeastern Oregon and central Idaho; these are variously
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recognized as a distinct species, 5. stipulata Raf. 8
(S. sitchensis C. A.

Meyer) or under S. canadensis as subsp. latijolia (Hooker) Calder & Taylor

or var. latijolia Hooker.

There are similar plants in Japan, extreme eastern USSR, Siberia, Mon-
golia, central Asia, and Iran and Turkey. Some of these populations may be

conspecific with S. canadensis, while others perhaps represent distinct

species; see the discussions in Calder & Taylor (Fl. Queen Charlotte

Islands Pt. 1. 410, 411. 1968), Fernald (Rhodora 48: 12. 1946), Hara

(Jour. Jap. Bot. 23: 31. 1949), Hitchcock et al. (fam. ref.), and Nordborg

(1966). Sanguisorba canadensis has also been reported from several local-

ities in central Scotland from the Firth of Clyde to the Firth of Tay (see

Lennie). Reported chromosome numbers for 5. canadensis, sensu lato, are

In = 28 (eastern Canada, British Columbia, Alaska, Sakhalin Island,

Mongolia) and 2n = 56 (eastern Canada). It had been thought that

plants from eastern North America were octoploid (and thus specifically

distinct), while those from western North America and eastern Asia were

tetraploid. Mulligan & Cody found, however, only tetraploids {In = 28)

in samples from 41 localities in Nova Scotia, New Brunswick, Quebec, and

British Columbia. Sanguisorba Menziesii Rydb. (Alaska to the Olympic

Peninsula of Washington) is somewhat intermediate between 5. canaden-

sis subsp. latijolia and S. officinalis and may be of hybrid origin, being

either a chance hybrid or perhaps even an established amphiploid. Nord-
borg (1966) mentions that 5. albanica Andr. & Jav. from Albania is also

intermediate between these same species.

Sanguisorba minor Scop. (Poterium Sanguisorba L.), salad or garden

burnet, In = 28, 56, a variable species of the Old World, is naturalized from

Nova Scotia to Ontario south to North Carolina and Kentucky; it is locally

adventive in Washington, Oregon, and California. Plants of this species

are smaller than those of 5. canadensis: the inflorescences are greenish,

globose or slightly ovoid, and composed of both perfect (below) and

functionally carpellate (above) flowers; the stamens of the perfect flowers

droop and number 12 or more; there are two carpels per flower; and in

fruit the floral cups are roughened between the angles. Its indigenous

range is from Scandinavia to northern Africa and the Canary Islands,

eastward to southwestern and central Asia. There are both tetraploid and

octoploid races, the latter restricted to the Mediterranean area. Numerous
segregate and allied species have been proposed. Primarily on the basis of

fruit morphology (which is usually not correlated with other characters),

Nordborg (1967a) recognized 5 subspecies and several "form series" of S.

minor. Plants found in eastern North America seem to correspond to

subsp. muricata (Spach) Nordborg. In an embryological study of this

species, Nordborg (1967b) found that while only reduced embryo sacs are

functional in spontaneous tetraploid and octoploid plants, there is a strong

8
Nordborg's neotypification (Op. Bot. 11: 54. 1966) of this name by a specimen

from Japan is quite improper; Rafinesque clearly indicated that his material was
trom the Oregon Mountains and territory." Also, the name was first published in
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tendency toward apospory. Both amphimixis and apomixis were found in

artifical tetraploid and hexaploid hybrids.

Sanguisorba annua (Nutt. ex Hooker) Torrey & Gray, In = 14, of subg.

Poteridium is a short-lived tap-rooted perennial or annual herb with

pectinately dissected leaflets, short-cylindric inflorescences of perfect

flowers, and four stamens. It occurs in disturbed habitats in the south-

central United States (Arkansas, Kansas, Oklahoma, and Texas). It is

locally adventive in South Carolina and Massachusetts. Clearly related

plants with two stamens and with the floral cups merely four-angled at

maturity, rather than four-winged, occur in the Pacific Northwest (British

Columbia to California, Idaho, and Montana) ; these are either included

in 5. annua or recognized as a distinct species.

Pollen grains of the tetraploid and octoploid races of Sanguisorba officina-

lis differ in size and shape, and both kinds are often preserved in late-

glacial deposits of northwestern Europe; fossil fruits of the species are

known from the British Isles. The fossil evidence suggests that S. officinalis

was common and widely distributed during late-glacial times, with dis-

junction occurring in the post-glacial period.

Sanguisorba is unusual among Rosaceae in that within the genus is found

a series of morphological changes that evidently have resulted from a shift

from insect to wind pollination. In the entomophilous 5. officinalis all

flowers are perfect, the inflorescences are red-purple, the stamens are short

and stiff, the stigmatic branches are short and compact, and a prominent

nectar ring surrounds the mouth of the floral tube. Sanguisorba minor is

wind pollinated, as are all species of subg. Poterium. and the inflorescences

are greenish, the stamens filiform and long exserted, the stigmatic branches

quite elongate (penicillate), and a nectar ring is nearly lacking; the lower

flowers of the inflorescence are perfect, while the upper ones are carpellate.

Other species can have different combinations of floral characters. Both S.

canadensis and S. annua have perfect flowers with long filaments and moder-

ately long, tufted stigmatic branches. All the flowers are imperfect in the

closely related anemophilous genera Sarcopoterium Spach (S. spinosutn

(L.) Spach, eastern Mediterranean area) and Bencomia Webb & Berth,

(four species of the Canary Islands and Madeira); plants of the former

are monoecious, those of the latter dioecious.

Sanguisorba, Sarcopoterium, and Bencomia constitute the '•Sanguisorba

group" of Nordborg. Allied genera are Margyricarpus Ruiz & Pavon (two

or more species of Andean South America and the Juan Fernandez Islands)

:

Tetraglochin Poeppig (possibly eight species of the Andes, often included in

the preceding genus); Acaena L. (about 40 species, circum-Antarctic:

Australia, Tasmania, New Zealand, islands of the southern Indian and

Atlantic Oceans, South Africa, Hawaii, Patagonian and Andean South

America northward to California); PolyUpis Ruiz & Pavon (about 20

species, Andean South America) ; and Cliffortia L. (80 species of South

Africa with one in East Africa, Nyassaland. and Angola). A natural in-

tergeneric hybrid is X Margyracaena Skottsbergii Bitter {Acaena argentea

Ruiz & Pavon X Margyricarpus digynus (Bitter ex Skottsb.) Skottsb.)
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from the Juan Fernandez Islands. These genera are of particular interest

because of their geographical distribution, often bizarre growth habits,

frequent occurrence of imperfect flowers and wind pollination, and adapta-

tions for dispersal by animals or wind.
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VASCULAR PATTERNS IN PALM STEMS:
VARIATIONS OF THE RHAPIS PRINCIPLE

Martin H. Zimmermann and P. B. Tomlinson

Some years ago, we published our first joint paper on the vascular pat-

tern in the stem of Rhapis excelsa, a small ornamental palm of South
Florida, native of eastern Asia (Zimmermann & Tomlinson, 1965). Rhapis
was chosen for our first analyses for quite practical reasons. The plant is

not too big and is available in quantity. Its stem contains only about 1000

vascular bundles in a transverse section, and it is relatively easily sec-

tioned. Anyone who has ever attempted to section palm stem tissues knows
that most species are notoriously difficult to handle, because their hard

resistant fibrous vascular bundles are surrounded by soft, yielding paren-

The choice of Rhapis proved very fortunate because the vascular pattern

of its stem is relatively simple. Ever since its discovery this pattern has

served us as a model for the understanding of the more complicated vascular

patterns of other monocotyledonous species.
As soon as the study of Rhapis excelsa was well on its way we began to

look both at other species of palms and at other families of monocotyle-
dons. So far we have studied, in greater or lesser detail, about 30 species

f palms in addition to plants of other families (e.g., Prionium (Juncaceae),
Zimmermann & Tomlir 1968; Dracaena (Agavaceae), Zimmermann c

Tomlinson, 1969; Pandanaceae, Zimmermann et al., 1974; and others £

yet unpublished, members of the Araceae, Bromeliaceae, Cyperaceae, Dios-

coreaceae, Flagellariaceae, Smilacaceae, Strelitziaceae, Xanthorrhoeaceae).
From a taxonomic point of view this is indeed a small number, but from an

anatomical point of view it is an amount of information which could not,

with conventional anatomical methods, have been gathered by us within

our whole lifetimes. We have so far analyzed, and can at any time review
again, over 300,000 transverse images.

During the course of our study a number of basic anatomical principles
have emerged, the discussion of which is the purpose of this paper. Some
of these principles may have physiological, others developmental signifi-

cance. At the moment we have too little information to comment at length
on the taxonomic significance, although in at least one instance it is clear

(Pandanaceae; Zimmermann et al., 1974). For the time being, we merely
want to describe the variability of the three-dimensional vascular anatomy
of the palm family which we have found so far

l-picture technique has been used throughout this study. An
r is obtained by surface methods, whereby transversely cut sur-
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faces of the stem or parts of stem are photographed while held in the micro-

tome, usually at axial intervals of 0.1-1 mm. (depending upon the species)

over a length of up to 100 cm. (Zimmermann & Tomlinson, 1967b). One
m. is the distance from the laboratory floor to the top of the microtome on
the bench. Our instrumentation is steadily improving. Specially con-

structed microtome clamps permit the continuous advance of the specimen

itself rather than the clamp, in contrast to most commercially available

sliding microtomes. Focusing of the camera is rather difficult and critical

because of the very shallow depth of field in close-up photography. Pre-

viously two microscope lamps were used, but this does not give sufficiently

bright illumination to allow the camera lens to be stopped down appreci-

ably. A brighter light source was found in an electronic flash, constructed

for us by the Electronics Design Center of Harvard University. It is used

in conjunction with a synchronized Bolex H 16 REX camera and has

several special features. A recycling time of 0.5 sec. enables us to work at

a normal rate. A long-life flash lamp is necessary because a single film

requires the firing of 4,000 flashes. Ordinary electrolyte condensers failed

after several thousand flashes; therefore, large storage condensers were

necessary. When the light and depth-of-field problems were finally solved,

we found ourselves with too much light! As the camera lens is stopped down,

theoretical resolution deteriorates. Resolution limits have been calculated

for a number of typical settings and we are now careful to balance the light

in such a way that we can stop down far enough for maximum depth of

field but still make use of the full resolving power of the 16 mm. film, which

is of the order of 20-60 lines per millimeter (50-15 Mm.), depending on

In order to analyze large palms (such as Cocos) a piece of stem was

quarter cut into a (radial) board with a circular saw. This was further sub-

divided into two to six "sticks'' (or positions) (Figure 1). Each of these

positions was analyzed separately. The resulting films were studied by pro-

jection onto a white sheet of paper on a table via a mirror, where plots

could be made by taking positional measurements of individual vascular

strands. Radial and longitudinal magnifications were determined in each

case by the appearance, on the screen, of a ruler photographed on the first

frame of each sequence, and by the number of frames of each sequence and

Microscopic details were obtained from sequential photography through

the microscope of section series cut on a sliding microtome. Most micro-

photography was done with our shuttle microscope (Zimmermann &
Tomlinson, 1966). Since the lowest magnification of the M20 shuttle is

limited to a width of ca. 5 mm. on the microslide, and we often needed

lower magnification for the larger plants, analyses have also been made
with the older drawing method (cf. Zimmermann & Tomlinson, 1965) and

a specially adapted M5 Wild stereomicroscope. Since the drawing method

is a much slower procedure than the shuttle method, we therefore developed,

in collaboration with the Brookfield Machine Company, West Brookfield,

Massachusetts, a low-magnification shuttle which now enables us to photo-
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. wide. (This instrument is illustrated (

TERMINOLOGY OF THE VASCULAR SYSTEM

It is perhaps useful if we start out with a brief summary of our ter-

minology as we have used it in our earlier papers. Longitudinally running

stem bundles are now called axial bundles (a term we have substituted for

"vertical bundles," which was used in our earliest papers, because axial

bundles are horizontally oriented in rhizomes). As we follow an axial

bundle distally, it approaches the center of the stem and then reaches a

point where it turns out toward the stem periphery and finally enters a

leaf. This point of deepest penetration into the stem is regarded as the

most distal point of the bundle. Arbitrarily from this point to the level of

entry into the leaf, the bundle is referred to as a leaf trace. Major, inter-

mediate, and minor leaf traces (bundles) are distinguished which differ
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not only in diameter (major ones being the widest), but also in degree of

penetration from surface towards the stem center. Axial-bundle length is

measured by number of internodes from one leaf trace to the next, the

leaf-contact distance, and is usually longest in major bundles.

Structurally the most important feature of monocotyledonous vascular

anatomy is the upward-branching of each leaf trace. Normally, one axial

bundle is among these branches, though there may be none or more than

one. Thus the stem maintains a more or less constant number of vascular

bundles as it grows taller. Other types of bundle branch upward from the

leaf trace. Bridges, up to as many as six, connect the leaf trace with neigh-

boring axial bundles. In the presence of an axillary bud or branch, either

vegetative or reproductive, and even if the branch is aborted early during

development, there are additional branches of the leaf trace, called satellite

bundles, or simply satellites, connecting the leaf trace with the axillary

axis (Zimmermann & Tomlinson, 1972; Tomlinson, 1973).

In addition to the vascular system of the central cylinder which we refer

to as the inner system, there is a system of fibrous cortical traces which we

refer to as the outer system. The developmental significance of the two

has been discussed recently (Zimmermann & Tomlinson, 1972). Additional

fibrous strands are present in certain species among the regular vascular

bundles of the central cylinder; these are described under the heading

''Fibrous bridges.'"

We would like to emphasize again at this point that in our descriptions

we use a terminology which is descriptive of what one can see in analytical

films. We speak of ""leaf-trace departure." of bundles that 'move," -give

off branches," are "borrowed," etc. It does not imply developmental events,

,
but merely describes what one can see in the projected films.

THE THREE-DIMENSIONAL BUNDLE ARRANGEMENTS

From the outset we were faced with the problem of representing for

publication three-dimensional bundle paths in two dimensions. We usually

do this by showing all bundles in a single radial plane, regardless of their

relative compass orientations within the stem. Description in the text or a

complementary plot on a transverse plane was used to help the reader to re-

construct the three-dimensional image in his mind. Figure 2 shows the

plots of two bundles of Geonoma in the conventional radial and transverse

In stems of many palms, as one watches surface motion-picture sequences,

one can see the central bundles all following a helical path, i.e.. they de-

scribe a rotating motion clockwise or counterclockwise on the projection

screen. This helical path of axial bundles is established early during de-

velopment (cf. Figure 1 in Zimmermann & Tomlinson, 1967a) and goes in

the same direction as the phyllotactic spiral of the stem. The helical path

may be more or less distinct, and in some cases there may be two helices

rotating in opposite directions in the central and subperipheral areas of the
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Figure 2. The three-dimensional course of two bundles of Geono
left Von Mohl's "double curve" of two vascular bundles along
in a radial plane. The plot on the right shows the same bundh

"al view, i.e. projected

the stem is show

plane. The

The bundle indicate:

inner helix before it left the field of view,

described a half turn along the ii

running) helix before n

Note

;;,-: the

stem respectively, with only one of them corresponding to the phyllotactic

spiral. This is so in Geonoma and can be recognized in Figure 2.

For reasons of clarity we ordinarily ignore the helical-bundle path and

use our conventional two dimensional illustrations in which all bundle po-

sitions within the stem are rotated into a single radial plane. In other words

positions are given as distances from stem center (or periphery) regardless
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AXIAL BUNDLE CONTINUITY

Perhaps the most important single aspect of monocotyledonous stem

anatomy is the pattern that provides the continuity of vascular bundles

along the stem. When we started our work with Rhapis the question we
asked ourselves was why is the stem not depleted of vascular bundles, if of

the 1,000 axial bundles in a single transverse section 100 "depart" as leaf

traces into each leaf? The answer for Rhapis an I ther plants as

is now well known, is the fact that each departing leaf trace branches up-

wardly and thus gives rise to a continuing axial bundle. However, we have

subsequently found that this is not the only answer. Furthermore, bundle

continuity must be looked at from a functional as well as developmental

One could regard the continuing axial bundle of the Rhapis stem as a

single structure from which, at certain intervals, leaf traces branch off, as

has been done for dicotyledons (cf. Devadas & Beck, 1972). This makes
sense functionally because the continuing bundle consists of metaphloem
and metaxylem whereas the leaf trace portion contains only protophloem

and protoxylem. Functionally even more important than the axial-bundle

branch, at least in a quantitative respect, are the bridges which provide,

from each leaf trace, half a dozen or so alternate translocation pathways

(Zimmermann, 1973). During later maturation of the stem the axial-

bundle branch is often obliterated by weathering of the stem surface if it is

located near the stem periphery, and bridges thus provide the only axial

continuity because they are more centrally located (cf. Figure 3. Type C).

However, from a developmental point of view, the continuing axial

bundle cannot be regarded as a continuous unit with leaf traces attached

at intervals, because vascular strands differentiate in distinct stages. The
leaf trace branches at the periphery of the cap, and as the stem apex grows

distally away from the leaf trace, the axial bundle elongates with its proxi-

mal end attached to the leaf trace and its distal, growing end in the cap.

This elongation continues until the distal end of the axial bundle in the

cap is connected with a newly arising leaf trace into a growing leaf pri-

mordium. Thus the developing unit is a vascular bundle consisting of an

axial bundle and its upper leaf-trace end (Z-Y-X in Figure 3 in Zimmer-

mann & Tomlinson, 1972). This unit remains discrete for a number of

plastrochrones until its distal leaf-trace end branches as it reaches the cap

periphery.

The vascular patterns of small palms so far examined (with stems up

to a diameter of about 3 cm.) are all similar to the Rhapis type; they

differ merely in the position of the axial bundle branch, which can be

located anywhere between the stem center and the periphery (Figure 3).
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TYPE A TYPE B TYPE C TYPE D

igure 3. Diagrammatic representation of the path of vascul

le small palms. The helical path is ignored, bundle positions

i single radial plane.

in Tomlinson & Zimmermann, 1966a). The illusion that the leaf trace is

merely a branch of the axial bundle is most pronounced in this example e-

cause the axial bundle maintains an almost perfectly axial path even in t e

region of leaf-trace departure. However, even here the developmental

sequence indicates that the axial bundle with its distal leaf-trace end de-

velops six plastochrones before the axial-bundle branch (the continuing

axial bundle) is initiated (Figure 3 in Zimmermann & Tomlinson, 1967a).

The seeming redundancy of a vascular system in an organ like the scale

leaf, which neither assimilates nor has any storage function, underscores

the importance of the developmental events which lead to the establish-

ment of the vascular system of the axis.



1974] ZIMMERMAXX & TOMLIXSOX. PALM STEMS 4i

The Rhapis-Aerial-Stem Type (Figure 3, Type B). This patte

has received sufficient attentic

describe it further. As in the previous type, the axial bundle is usually

developmental^ the first, and in the mature stem the most proximal, leaf-

trace branch. In a motion picture of transverse sections it can be seen to

follow the leaf trace on its way toward the periphery, while numerous ad-

ditional branches are given off from the leaf trace. These branches are

mostly bridges, but at the level where the stem has become reproductive

many are also satellites. The axial bundle is left behind near the periph-
ery of the central cylinder; from there it resumes its course up the stem
and repeats the cycle. Bactris major, Chrysalidocarpus lutescens, and
Hyospathe elegans are of this type, although they are somewhat different

from Rhapis in other respects.

The Geonoma Type (Figure 3, Type C) differs from the previous one
in that the axial-bundle branch is one of the most distal (peripheral) to

come from the leaf trace, very near the periphery of the central cylinder.

The distinction between Types B and C is somewhat arbitrary; the pat-

terns of Rhapis and Geonoma are quite similar. The juvenile axis of

Iriartea exorrhiza is of this type. Iriartca is a stilt palm; the diameter of

its stem increases from less than one to some 20 cm. over a height of 1-2

meters (see Figure 6 in Tomlinson, 1961). We have not yet looked at a

large-diameter stem.

The Chamaedorea Type (Figure 3. Type D). Chamaedorea was
one of the first genera that we investigated after we had studied Rhapis,

because the genus contains a number of small, easily obtainable species. It

resembles Geonoma in that each leaf trace often gives off one, or occasionally

two axial bundles near the periphery of the central cylinder. On the other

hand, many outgoing leaf traces can be observed in motion-picture sequen-

ces, which give off only bridges and no discrete axial bundle. Chamaedorea
has practically no cortical (fibrous) bundle system. However, the per-

iphery of the central cylinder consists of numerous crowded, small vascular

bundles which are quite freely anastomosing (Figure 4). As one follows

a transverse section series upwards, one can observe that departing leaf

traces contribute bridges to this peripheral small "bundle-pool" and that

larger, discrete (i.e. nonanastomosing) vascular bundles emerge from this

"pool" and continue to repeat the cycle at a higher level. This behavior

has also been found in Desmoncus and Ptychosperma. It has been de-

scribed before for Dracaena jragrans {Figure 10 in Zimmermann & Tomlin-
son, 1969).

It should be stressed that there is no sharp distinction between the four

types shown in Figure 3 and described above. There is a continuous range
of patterns from A to D, and any one palm may either resemble a given

type closely or be intermediate between two of them. Furthermore, it is

possible that the pattern gradually changes with increasing height within a
single stem, as is described below in a special section. So far at least, this
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Figure 5 (below). Detail from stem transverse section of Nannorrhops
ritchiana. From a single section it is impossible to know whether an axial

bundle (AB) associated with a leaf trace (LT) is either a branch of this leaf

trace or merely "borrowed." A presumed bridge (BR) can be seen splitting off

the leaf trace (LT).



/IMMKRMAXN c\ I ( >\1 l.I\S>\ PALMSTKMS

While the patterns in small palm species resemble each other, larger

palms (with stems well above a diameter of 3 cm.) do not merely show the

Rhapis principle in bigger dimensions; their patterns are considerably

more complicated. The reason for this is probably functional: the apical

region of a large palm could not receive nutrients in as straightforward a

way as in small palms simply because the direct distance from mature

photosynthesizing leaves to meristem is too great across the immature

tissues of the crown region. Although we have not as yet analyzed the

developmental pattern of a palm as large as a coconut, we believe that from

our knowledge of the structure of a small apex we can make certain extra-

polations to the larger ones. It remains to be seen whether this assumption

Large palms cannot be analyzed as completely as small ones. Sheer size

makes it impossible to follow a bundle, particularly a major one, along its

entire leaf-contact distance. With the surface method we can follow bundles

over a maximum axial distance of 100 cm. (provided they are not lost to

the field of view) as described in the Methods section. We then have to

piece together and intrapolate what we have seen. Even in a relatively small

palm like Chrysalidocarpus lutescens where we have followed entire leaf-

contact distances of minor bundles over distances of about 40 cm., plots of

individual parts of major bundles indicate that leaf-contact distances of

major bundles may be as long as 2 meters or more (Figure 7). Neverthe-

less, the necessarily incomplete analyses which we have so far carried out

have provided a wealth of information for comparative purposes.

The Phoenix Type. The central part of aerial stems of a number of

species show a vascular pattern of the Type A as illustrated in Figure 3.

This was first found in the two Phoenix species we analyzed (P. roebelenii

and P. dactylijera) and involved major as well as intermediate bundles

(Figure 6). It was further found in a number of other palms, namely

Acoelorrhaphc (Paurotis) -wright'ii. Sabal palmetto, Washingtonia filtjera,

and others, but here only in major bundles, i.e., only in the very center of

the stem. The plotted course of some central (major) bundles of Phoenix

roebelenii is shown in Figure 6. As a consequence of this branching pat-

tern axial bundles run much more nearly axis-parallel than in the other

types. A comparison of Type A with Types B-D (Figure 3) makes this

It is interesting to note that Hilgeman ( 1951 ) had recognized this phenom-

enon in Phoenix dactylijera and therefore concluded that \ on Mohl was

incorrect in his classic description of a "double curve" for monocotyle-

donous stem bundles (i.e. the bundle path as shown in Figure 2). We
know now that Von Mohl (1824) was not wrong. The double curve is
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practically always present as Figure 6 shows; it is merely less pronounced
in the one species investigated by Hilgeman.

Although all leaf traces show numerous bridges, intermediate and minor

bundles (in Washingtonia and Sabal) and minor bundles (in Phoenix) do

not show any leaf-trace-axial-bundle branch. This observation leads to a

consideration of the

figure 6 (left). Intermediate position in the stem of Phoenix roebelenn
showing plots of two different leaf-trace-axial-bundle branches (at AB), and
bridges to these axial bundles from other leaf traces (Br). Note that the position

of the radial scale is arbitrary, neither periphery nor center of the stem are in

the field ot oed about six times.
Figure 7 (right). The peripheral stem region of Chrysalidocarpus lutescens.

Leaf insertions are indicated by (L) along the stem periphery. One complete
leal contact is shown for a minor bundle (<i M > ; it i* >ix internodes long. An-
other minor leaf contact (J-K), eight internodes long, is almost complete. Axial-

bundle portions A-B, C-D, and E-F indicate that the leaf-contact distance of

major bundles must be very long (two or three meters). The stem center is

outside the field of view. The axial scale is foreshortened about 12 times.
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The Regeneration Type. Palms like Phoenix and Sabal puzzled us

because we could not see any axial bundle branch off the intermediate and

minor leaf traces. As one follows a transverse-sectional series up the stem,

leaf traces continuously depart and bundles are thus lost from the stem.

In careful study of the peripheral area in which, we were certain, must lie

the answer to this puzzle, it was discovered that, going up, the axial

bundles are continuously "replenished" by fibrous cortical bundles "drift-

ing" from cortex to central cylinder and becoming vascular (axial) bundles.

When followed on their way up, these replenishing bundles appear initially

very small as they enter the central cylinder, but quickly enlarge into

fully fledged vascular bundles as they receive bridges from departing leaf

traces. We may define these cortical bundles as inner-system bundles

(Zimmermann & Tomlinson, 1972). It took some time (and thousands of

sections!) before the proximal ends of these fibrous bundles were found.

The inner system seems to be regenerated from the outer one, in a manner

comparable to the establishment-growth phase of Dracaena jragrans which

we have already described (Zimmermann & Tomlinson, 1970). There is a

regular network of outer fibrous (and phloem-containing) bundles (i.e.

outer leaf traces) in the outer cortex with which axial bundles are in con-

tact via inner fibrous cortical bundles (Figure 9). The Regeneration

Type is very common in large palms such as Cocos, Elacis, Phoenix, Roy-

stonea, Sabal, Washingtonia. etc.. but we have also observed it in the

basal part of the stem of Chrysalidocarpus lutescens. In Bhmarckia we

found it in spite of the fact that almost all leaf traces (even minor ones)

have an axial bundle branch. However, many of the peripheral axial bun-

the section on Borrow in Axial

In Chamaerops humilis. /, , h -uim > nsis. and other palms, we have seen

fibrous axial bundles branching from minor leaf traces in the inner cortical

region, just outside the central cylinder. Followed in an upward direction

these fibrous bundles enter the central cylinder where they become regular

vascular axial bundles by receiving bridges from outgoing leaf traces

(Figure 9, at C).
It must be emphasized that these axial-bundle origins which we have

described are not very distinctly different from each other. In fact, there

is a rather continuous range of ways in which the axial bundle can be de-

rived from lower traces. The structural interrelationship may be expressed

as follows, for descriptive, comparative purposes (Types A- 1) as illustrated

in Figure 3, Regeneration Type in Figure 9):

Type B < > Type C
Regeneration Type

an be regarded as a i
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Figure 8 (left). The principle of a "borrowed" axial bundle shown in a

radial plane. An axial bundle branches off a leaf trace (at AB). Higher up m
the stem it closely follows other leaf traces on their path toward the stem

periphery (at B). LT = leaf trace.

Figure 9 (right). The principle of regeneration of the inner from the outer

system shown in a radial plane. From the network of fibrous bundles an<i

fibrous leaf traces near the sti BBS, the outer system), nbrous

bundles enter the central cylinder in a distal direction. By receiving bridges iron

outgoing leaf traces (at Br), they become regular, xylem-containing axia

bundles. In some cases fibrou given off the leaf trace in tne

cortical region (as indicated at C). These also enter the central cylinder an

become axial bundles by receiving bridges from outgoing leaf traces. Each lea
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(C). Phoenix, Sabal, and Washingtonia occupy two regions along this con-

tinuous scale. The stem center is of the Rhapis Rhizome Type (A).

whereas the periphery is of the Regeneration Type.

Borrowed Axial Bundles. A further complication of the pattern of

leaf-trace-axial-bundle branching is shown diagrammatically in FIGURE S.

a very common type in large palms. As one follows a leaf trace acropetally

one can see the axial bundle branching off at the point where it begins to

turn toward the periphery (Figure 8, AB). On its way up, the axial bundle

can be seen to follow closely another, unrelated leaf trace for a short dis-

tance, but it is left behind again. It may do this repeatedly. Thus it may
eventually reach a point nearer the periphery of the central cylinder whence
it gradually regains the stem center again { upper part in Figure 8). In our

working jargon, we call this a 'borrowed" axial bundle. Axial bundles

which are borrowed, i.e., follow unrelated leaf traces, have no vascular con-

tact with them. In a single transverse section such grouping of a leaf trace

and an axial bundle looks conspicuous (Figure 5) and only three-dimen-

sional analysis shows whether the axial bundle is actually a branch of the

leaf trace or is merely "borrowed.'' As an example, a plot of the paths of

two 'borrowed" axial bundles is shown in Figure 10. The possible devel-

opmental significance of borrowed bundles is discussed further below.

It may be added that the "borrowing" of axial bundles can take place to

a variable degree. It is very pronounced in many palms such as Cocos

nucifera, Chamatrops hionilis. etc., or there may be only a slight tendency

for it in smaller palms such as Chrysalidocarpus lutescens where it is easily

overlooked.

BRIDGES

The presence of bridges, i.e. upwardly-directed branches of the leaf

trace connecting with neighboring axial bundles, is one of the most constant

features of monocotyledonous vasculature as we have observed it in repre-

sentatives from a wide range of families (information largely unpublished).

About 2 to 6 bridges usually come off each leaf trace. These are often very

short, such as in Dracaena jragrans (Zimmermann & Tomlinson, 1969)

or the peripheral region of Geonoma. A departing leaf trace in that case

almost touches the neighboring axial bundle at the point where vascular

contact is made via a bridge. Bridges are often longer, i.e. one to several

millimeters, and then link bundles more remote from each other.

From a functional point of view, bridges are of considerable importance,

because they provide alternate axial as well as lateral pathways of trans-

location (Zimmermann, 1973). In palms of the type described under the

heading "Regeneration Type." where direct axial branches from leaf traces

are missing, they are indeed the only means of providing axially continuous

pathways. This is also true, as we have mentioned, in palms with very

peripherally located axial bundle branches when the old stem periphery,

as often happens, weathers away.
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:ases, bridges are quite long. As one watches such a bridge in

AB<? LV

RADIAL SCALE

1.0 1.5 cm

Figure 10. Parts of the paths of two leaf traces in an intermediate position

f the stem of Arecastrum romanzoffianum plotted on a radial plane. Neither tn

tem periphery nor the stem center are in the field of view. The radial scale is

i an arbitrary position. Along each leaf-trace path (LT) an unrelated axial

undle (AB) is shown to run closely parallel. This i
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leaf trace. As one continues to follow the course of this bundle further, it

may then finally fuse with a neighboring axial bundle and thus manifest

itself as a bridge. This has been found in the Rhapis rhizome (Tomlinson

& Zimmermann, 1966a, p. 310). In other cases numerous long bridges

come off the leaf trace and anastomose freely among each other; some

of the branches fuse with neighboring axial bundles, others may become

independent axial bundles. This was first found in the juvenile axis of

Rhapis (Tomlinson & Zimmermann. 1966b). Anastomosing bridge sys-

i larger palms such as Cocos and Nannorrhops.

Vascular tissues of bridges are usually similar in their appearance to

those of vascular bundles, thus indicating that they are regular pathways of

transport. The chief difference is mechanical, since axial bundles have a

much greater development of fibrous sheathing tissue. Indeed the func-

tional significance of bridges, i.e. their full transport capacity, has recently

been confirmed in an experiment in which 14C sugar has been found to

move freely from bundle to bundle via bridges (Zimmermann, 1973).

In other cases, bridges are very small and consist only of a fibrous strand,

sometimes with a phloem center. We interpret these fibrous bridges tenta-

tively as vascular strands which are functional only during earlier stages of

stem development and cease to function as transport channels as the stem

matures. Such bridges are found occasionally in some species, but in

others they are a regular feature. In the central part of the Geonoma

stem, for example, there is a regular anastomosing fibrous bridge system.

Some of these bridges have a central phloem core and it is not known

whether these are still functional in sugar transport in the mature stem.

If, in a single stem transverse section, small fibrous strands are seen

among the regular vascular bundles, these may be fibrous bridges as in the

center of the stem of Geonoma and the basal part of Cocos. In other cases

small fibrous strands, although continuous, do not seem to be connected

with the vascular system of the stem. In Bactris major, for example, single

stem transverse sections show numerous fibrous strands among the vascular

bundles. In spite of considerable effort to elucidate their significance in

analyses of the mature stem as well as the apical region, it has not yet been

possible to find their relation to the vascular system of the stem.

Satellites

Most palm species begin to produce axillary inflorescences only after they

have reached a certain height (the "reproductive phase" of growth, Tomlin-

son, 1964). If one studies the vascular system of the stem in prior phases,

one can see anatomical evidence of inflorescence vestiges at a height below
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the point where flowering actually begins. This evidence within the stem

consists of many leaf-trace branches which are additional to the regular

axial-bundle continuity and the bridges. These additional branches can be

seen to follow the leaf trace to the stem periphery and then enter the

axillary shoot (e.g.. Figure 6 in Zimmermann & Tomlinson, 1965). These

are present even if the inflorescence does not continue to develop into an

externally visible organ. Because these branches surround the leaf trace

in the manner of a halo in section, we have called them satellite bundles

(cf. Figure 9 in Zimmermann & Tomlinson, 1965).

Tn many species, such as Chamaerops humilis in wl

axial bundles is common, satellites are also borrowed. In ascending motion

pictures of the stem one can see in the peripheral region satellites diverg-

ing from the leaf trace. Some of these may be left behind as the leaf trace

enters the leaf, i.e., they do not irrigate the inflorescence in the axil of the

supplied leaf, but they subsequently follow another leaf trace to the stem

periphery, i.e., they enter a more distal inflorescence. This is a phenomenon

very similar to the borrowing of axial bundles which has been described

before in this paper.

In many cases, one can see a large number of peripheral axial bundles

leaving the central cylinder to enter the axillary inflorescence, following

a leaf trace in a satellitelike manner. This is well seen in Serenoa repens.

These redirected axial bundles (minor bundles in all cases) must have been

rerouted very early during development as a small portion of the meriste-

matic cap of the main axis forming the cap of the axillary shoot. The

developmental timing of these events has been explained and illustrated in

one of our recent papers (Figure 5, region B, in Zimmermann & Tomlinson.

1972; illustrated also in Tomlinson. 1973).

As one follows leaf traces down into the stem in Chamaedorea, Arecas-

trum romanzoffianum, etc., one frequently sees that they are followed (on

the inside) by a number of small satellites which do not fuse with the leaf

trace until several internodes below the leaf insertion. In some cases, such

as in Bactris major, and Caryota mitis, these are in part real satellites (i.e.,

attached to the leaf trace at their lowest extremity), and in part "demand-

type" bundles which finally fuse with neighboring axial bundles (such as

develop in region D, Figure 5, Zimmermann & Tomlinson, 1972). In

Geonoma they are borrowed satellites, originating from the fibrous anasto-

mosing bridge system of the stem center. In Cocos the borrowed satellites

are regular bundles. These facts serve to illustrate the diversity of methods

by which lateral inflorescences are irrigated in palms.
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VARIATIONS OF STRUCTURE WITH HEIGHT IN STEM

To anyone familiar at all with the internal structure of the stems of

palms, quantitative variation in gross anatomy at different heights in a

single stem is obvious and considerable. Differences in vascular-bundle

density, the average diameter of individual bundles, the extent of the

fibrous sheath associated with each bundle, and the amount of cell wall

lignification are evident when single transverse surfaces at different heights

are compared. In Chrysalidocarpus lutcsccns. for example, the vascular-

bundle diameter was found to be of the order of 0.8 mm. and the bundle

density 50 per cm. 2 at 20 cm. above ground, while near the top of the

stem, at 120 cm. above ground level, bundle diameters were 0.4 mm. and

the density 300 per cm. 2
. The difference in bundle diameter appeared to

be primarily due to a more fully developed fibrous sheath at the base, and

the lesser bundle density at the base partly to a thickening of the stem by

ments of cell sizes also show differences at different heights. Vessel-element

length shows distinct trends in Sabal palmetto (Tomlinson & Zimmermann.

1967) which are to a large extent paralleled by sieve-tube-element length

( Parthasarathy & Tomlinson, 1967). This published work is supported by

additional unpublished records for several species and other cell types

(e.g.. fiber length). In WasJiin^tonhi. for example, average vessel-element

length at the base of the stem may be five times that in mature tissue close

to the top of the tree. The question has already been asked — is it pos-

sible to find more than one vascular pattern in a single axis?

Some effort to provide an answer to this question has been made with

Cocos by means of surface analyses of the stem of an eleven-meter-tall

trunk at one and ten meters in height respectively. Considerable uniformity

was found to be imposed on the more obvious dimensional trends. Thus,

regeneration of the inner from the outer system, as well as anastomosing

bridge systems were found at both heights. Satellites, expectedly absent at

the base in view of the lack of inflorescences at the lower nodes, were nu-

merous at ten meters in height, with bundle borrowing very common. One of

the differences in stem transverse sections at different heights is the presence

of numerous fibrous bundles among the vascular strands in the central cyl-

inder at the base of the stem. These have been found to come off distally

from every departing leaf trace and thus represent a fibrous bridge sys-

tem. Their distal ends disappear from view on the surface film and will

have to be followed in serial section in the shuttle microscope. We intend

to publish these findings in detail elsewhere.

A difference in three dimensional structure at the two heights in Chrys-

alidocarpus has been mentioned before: 20 cm. above ground, the stem

shows a distinct regeneration type (i.e. no axial-bundle branches), while

in the distal part of the stem (50 cm. above ground and higher) a very

distinct Rkapis-type structure is observed.

A systematic investigation of structural differences of different heights
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was not intended to be the topic for this paper; this may be done in greater

detail in the future. However, at the present, we know enough to make us

very cautious in attaching taxonomic significance to differences found in

various species. It should also be a warning to paleobotanists dealing with

palm stems. It is easy to assign fossil stem fragments to different species

even if these fragments originated from a single individual stem!

In an earlier paper we introduced the concept of an inner and an outer

vascular system in monocotyledons (Zimmermann & Tomlinson, 1970).

This concept is based upon the pattern of development in the meristematic

crown; it has been described in general terms in a more recent paper

(Zimmermann & Tomlinson, 1972). According to this concept, all vascu-

lar bundles of the central cylinder in Rhapis are inner bundles, all fibrous

cortical strands are outer bundles. This distinction can be made because

the former develop from the meristematic cap, the latter outside the cap;

the situation in Rhapis is relatively simple.

Results discussed in the present paper add a complication. When, as

in Chamaerops, axial bundles branch off the leaf trace as fibrous bundles

in the inner cortical region, we could consider this cortical fibrous-bundle

region as belonging to the inner system. The same would have to be said

for the Regeneration Type. In other words, only the very outermost corti-

cal fibrous-bundle region would then be part of the outer system.

On the other hand, we could say that only vascular bundles, i.e. the

xylem-containing bundles of the central cylinder, are derived from the cap.

Since the question is one of defining the cap region in the meristematic

crown, it is, therefore, really only a semantic one. Therefore we would

like to leave it open until we know more about developmental patterns in

larger palm crowns.

We have not yet investigated the Regeneration Type during its course

of development. From the mature structure we infer that the inner, fibrous

cortical bundles, originally procambial and then protophloem strands,

regenerate the cap (the future central cylinder) from the outer system.

Evidently their functional life terminates early during development, but not

before their developmental and functional role has been taken over by

bridges from developing leaf traces. It is hoped that the developmental

pattern of this type can be studied in the future. It will not be an easy task

because very large apical regions will have to be analyzed microscopically.

We do not yet know the developmental significance of "borrowing."

However, there is some similarity of this structure with the arrangement of

the inverted bundles in the Pandanaceae (Zimmermann et al., 1974). In

Pandanaceae it is the proximal parts of axial bundles which run closely

parallel (and inverted) along more distal parts of other axial bundles. The

overall pattern appears similar in "borrowed" bundles where proximal

axial-bundle ends run parallel to other leaf traces. The "borrowed" bundle
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is often also inverted, but in a different way, depending on the

xylem of the borrowed bundle in some cases facing the xylen

trace (cf. Figure 5). The developmental pattern of bundle I

the Pandanaceae has been worked out (Zimmermann et a!.. 1

remains to be seen whether the "bundle I

similar developmental sequence of e

There may be a functional difference between the vascular patterns of

the Type A and B-D respectively (Figure 3). The apical region of the

aerial stem of Rhapis is almost certainly fed directly from the mature leaves,

i.e., from the stem periphery near the apical region, whereas the rhizome

apex must be fed axially from behind because the rhizome bears only non-

photosynthesizing scale leaves. Tt is possible that vascular differentiation

is influenced by the origin of nutrient supply. This would mean that the

central apical region of larger stems (such as Phoenix. Saba/, and Waskmg-

totiia) is fed in an axial direction from below, while the peripheral regions

are fed from current photosynthate of mature leaves in a more radial direc-

tion. This would make sense because in large stems the apical region of

enclosed (i.e., unilluminated and therefore assimilate-importing) leaf pri-

mordia is separated from the green, photosynthesizing leaves by very large

areas of meristematic tissue. Even though the path of movement across this

meristematic tissue is the shortest, it may be useless because long-distance

phloem transport can go only through mature vascular tissue. The central

part of the apical region might, therefore, be fed not via the shortest, but

rather via an indirect route from old leaves deeply down into the stem, and

from there axially up via Phocnix-type major axial bundles.

Taxonomic significance

In view of the small number of species examined so far. it is appreciated

that any comment about the taxonomic significance of our findings is likely

to be premature. In addition, we have suggested that some of the patterns

we have described relate to the size of the trunk; this is implied in the

distinction we make between bundle types in large- and small-stemmed

palms. In other cases (e.g.. Ckrysalidocarjws) we have found significant

differences in a single stem at different heights.

However, we have shown elsewhere (Zimmermann et al.. 1974) that

members of the family Pandanaceae do have diagnostically useful features

of stem anatomy which are related directly to the 3-dimensional course of

vascular bundles. We already have some indication that a similar construc-

tion may occur in certain Araceae and can suggest that the features which

categorize the Pandanus type of vasculature may represent variants of

developmental principles which operate in other large woody monocotyle-

dons. Furthermore, we know that in Strelitziaceae and Zingiberaceae outer

bundles contain xylem (cf. Figure 6 in Zimmermann & Tomlinson, 1972).

Within the Strelitziaceae. a very natural group, the same pattern of inner-
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ing is suggested by our preliminary examination of its three

enera, Phenakospermum. Ravcnala, and Strelitzia. Thus the

possibility exists that interfamily relationships may be revealed by this

type of analysis.

In the Palmae itself we have suggested that the Phoenix Type (which

occurs in several genera) may be related to the method of irrigation of the

meristematic crown. Even so, within the genus Phoenix, in stems as diver-

gent in size as those of P. dactylifera and P. roebelenii, the constructional

pattern is identical. Furthermore, where we have examined several species

of a genus, the range of variation seems small, e.g., several species of

Chamaedorea show the Chamaedorea principle and several of Geonoma,

the Geonoma principle.

Our present position can be summarized by saying that it is unlikely that

this method of analysis will provide much evidence for taxonomic inter-

relationships, except where taxa of high rank are concerned. But informa-

tion at this level may be very significant and the possibility of establishing

interfamily relationships is continually borne in mind as further analyses

SUMMARY

The variety of vascular patterns in stems of different palm species is

described as a series of types. In the i?Aa/>«-Rhizome Type the axial

bundle branches off the leaf trace at the point of leaf-trace departure, in

the Geonoma Type at the very periphery of the central cylinder. In the

Chamaedorea Type only a few of the leaf traces give off a discrete axial

bundle. At the same time all leaf traces contribute, via bridges, to a pe-

ripheral "pool" of small, anastomosing vascular bundles from which axial

bundles come off distally toward the inside. Large palm stems are more

complicated. In some cases (e.g., Cocos) axial bundles branch off the leaf

trace at the point of leaf-trace departure. These axial bundles then fol-

low other, unrelated leaf traces towards the periphery of the central cylin-

der ("borrowing") whence they resume their distal course, regaining the

center. In Phoenix, Sabal, and Washingtonia, major bundles (i.e. those

of the stem center) are RAa^w-rhizomelike, while minor bundles originate

from the cortical fibrous strands. In many large palms the lower ends of

most vascular bundles are continuous with fibrous cortical strands (Regen-

eration Type).
Bridges, i.e. upwardly-directed branches of the leaf trace, distally fusing

with neighboring axial bundles, are the most constant feature of mono-

cotyledonous vascular anatomy. Variations of the pattern of bridges, and

the patterns of vascularization of the axillary inflorescence are described.
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CAESALPINIA SI BGENl S Gl ILANIMN A IN THE BAHAMAS

William T. Gillis and George R. Proctor

When the authors were engaged in field collecting in the southern

Bahama Islands early in 1973, pursuant to the preparation of a new-

Bahama Ftora, they were especially interested in the reproductive biology

of the nicker beans. Caesalpinia spp. 1 Drs. Carroll K. Wood. Jr. and

Kenneth R. Robertson of the Arnold Arboretum had noted apparent

dioecy in one species of this group of plants in South Florida [C. bonduc
(L.) Roxb.j. Accordingly, we examined populations of the genus during

be typical of this group, at least in all populations we saw. Dioecy was

noted by Linnaeus (1754) but apparently was overlooked until relatively

recently, probably because the carpellate flowers have well-developed an-

thers and appear to be perfect, yet no pollen is produced. The staminate

flowers lack a gynoecium. In recent years, however. Wilczek (1952) for

the Flora of the Congo and Brenan (1967) for the Flora of Tropical East

Africa noted dioecy in C. bonduc.
The Caesalpinioideae, subtribe Caesalpinieae. the type of which is

Caesalpinia, have been treated by different workers as a complex either

comprised of a large number of genera or consolidated into few. Britton

and Rose (1930) in their treatment for the North American Flora recog-

nized 28 genera in North America, among them Guilandina L. (which

would have to be considered as having perfect flowers in their key).

Fifteen to 17 of these genera might well be considered Caesalpinia. sensit

lato, not warranting segregation because of the relatively minor characters

used for distinguishing them. Guilandina is one of these genera.

The Guilandina species comprise the only group within Caesalpinia,

scnsu lato, apparently having unisexual flowers. Moreover, these species

have compressed, thick, rounded, rigidly chartaceous legumes, and an

unusual scrambling habit. Most other Caesalpinia species are either trees

or shrubs. A few, however, like C. decapctala (Roth) Alston in Trimen

(frequently called C. sepiaria Roxb.). resemble species of the Guilandina

group in their vinelike, scrambling shrubby habit. The Guilandina group

inhabits chiefly the coastal regions of Central America, the Greater Antilles,

the Bahamas, and Bermuda. Two vines of mountainous regions of Costa

'The nicker beans are also called nickels, probably a corruption of the name of

a game played by the people of the West Indies. The game reportedly originated in

Africa where it was played with stones in holes in the ground. Instead of stones, the

Playing "bits" or "nickels" in the West Indies were seeds of various species of

Caesalpinia subg. Guilandina. The seeds were evidently used in place of coins and

possibly represented one's winnings or losings. In the Bahamas, a wooden board was

developed for table use in playing the game. Such a playing board with twelve depres-

sions for the nickels is preserved and on display in the Bahamia Museum in Nassau.
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Rica and Haiti are also placed here by Britton and Rose (1930). Little is

known of GuUandina in the Old World except for the widespread species

C. crista (L.) Roxb., which is often confused with the gray-seeded C.

bonduc (L.) Roxb. of the New World (Dandy & Exell, 1938).

Because of the great diversity within subtribe Caesalpinieae, one could

elect either to follow Britton and Rose by proliferating genera, or to take

a more conservative generic view, resulting in a fairly inclusive Caesalpinia.

Because data presently available for all Caesalpinia species are insufficient,

we have chosen not to defend segregation of such genera as Libidibia

Schlecht., Erythrostemon Klotzsch, Tara Molina, Ticanto Adans., Nicarago

Britton & Rose, Guaymasia Britton & Rose. Russcllodcndron Britton &

Rose, Poincianella Britton & Rose, and Biancaea Todaro. However, be-

cause of habit, distinctive fruit, and dioecy of GuUandina, we feel justified

in treating it as a subgenus of Caesalpinia.

Caesalpinia subg. Guilandina (L.) Gillis & Proctor, 2 comb. & stat. nov.

Guilandina L. Sp. PL 381. 1753; Gen. PI. ed. 5. 179. 1754, pro gen. Benth.

& Hook. Gen. PI. 1: 566. 1865, pro sect. Type: Guilandina bonduc L.

Caesalpinia bonduc (L.) Roxb.

Frutex volubilis, differt a subgeneribus aliis floribus unisexualibus,

fructibus chartaceis, compressis rotundatis.

Britton and Millspaugh's Bahama Flora (1920) records three species of

Guilandina in the Bahamas. One of these [Guilandina crista (L.) Small

= Caesalpinia bonduc (L.) Roxb.] has flat, round, gray seeds, often with

a depression in the center, while the two other species have yellow-orange

or brownish seeds and lack the central depression [Guilandina bonduc

L. = Caesalpinia divergens Urban and G. ovalifolia (Urban) Britton =

Caesalpinia ovalifolia Urban]. While we were studying plants of these

taxa on the island of Inagua in the vicinity of Matthew Town, we found

two populations that were clearly different from the species listed by

Britton and Millspaugh, one of which we are describing as new. The other

remains, for the moment, anomalous.
The one new species of Caesalpinia subgenus Guilandina is distinct

from the others indigenous to the Bahamas in its dusky, glabrous legume,

its elongate, striate, brownish seeds, and its unarmed stems. An occasional

individual was found with some recurved spines subtending the leaflets, but

the spines were sparse. A number of such intermediate forms i

that this new species, (

ovalifolia, with which it was growing intertwined. The style continues

to elongate during development of the fruit, becoming curled and greatly

resembling an animal's tail. The dusky, gray-brown color, its rounded

shape, and the "tail" give the legume the appearance of a mouse, hence

•Although an adequate description of this taxon was published by Linnaeus

(1754), we are emending it with a diagnosis indicating characters which segregate

subg. Guilandina from its relatives.
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ifructa (Latin, tnus,

Caesalpinia murifructa Gillis & Proctor, sp. nov. Frutex inermis ad-

scendens saepius volubilis, foliis bipinnatim compositis, exstipulatis
;
foliohs

ovalibus usque orbicularibus, inaequilateralibus, apicibus emarginatis,

plerumque setaceo-mucronatis, mucrone usque ad 0.5 mm.; floribus um-

sexualibus; sepalis utrinque dense aureo-pubescentibus, petalis luteis.

glabris vel glabratis; legumine glabro fusco-murino; stylo accrescente in

caudam usque 2.2 cm.- seminibus sublateritiis. dilute horizontaliter stnatis,

2-4 in fructu. Differ! a Caesalpinia culebra el a C. portoricense seminibus

sublaleriliis, ei a C. caymanense seminibus sublateritiis et caulis puberuhs.

Holotype. Bahamas: Great Inagua Island, abandoned field. Matthew

Town, in rocky roadside thicket. Scrambling shrub entirely lacking in

spines. Proctor 33371 (a); isotypes: (ij, bm).
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Figure 2. Caesalpinia murifructa. a, habit, note erect flo
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Vinelike, scrambling shrub, branches usually unarmed, puberulent;

leaves bipinnately compound, 1.2-2.3 dm. long, stipules wanting; pinnules

to 6 or 7 pairs, 4-8 cm. long, 1.5-2.5 cm. between pinnae; leaflets 4 or 5

pairs, generally without spines, 1-2 cm. long, oval to orbicular, 0.6-1.5 cm.

broad, inequilateral, emarginate with bristle-tip, with aborted foliar flap at

the tip of the pinnule, 1-1.5 mm. long; petiolule 1-1.5 mm. long. In-

florescence a raceme, 8-15+ cm. long, axis regular; subulate bract sub-

tending each flower, 0.5 cm. long, the distal half an awn, the awn totally

deciduous at anthesis. Flowers bright yellow; sepals ovate, 5, covered with

a golden bronze puberulence on both surfaces. 1 cm. long; petals 5, deeper

in hue than the sepals, short-clawed, erose, 0.8 cm. long, glabrous or with

a few scattered hairs on the abaxial surface; pedicels 1-3 mm. long;

staminate flowers with 10 stamens, anthers orange, filaments villous; car-

pels lacking. Carpellate flowers with 10 stamens, anthers orange, filaments

villous, appearing as in staminate flowers but lacking pollen; carpels

glabrous; receptacle densely golden puberulent. Fruit laterally com-
pressed, dehiscent, dusky gray-brown, glabrous, rigid-chartaceous. 5 cm.

long, 4 cm. broad, 1.5 cm. thick, style accrescent forming a tail-like beak

up to 2.2 cm. long, usually curved or curled. Seeds brown-orange, ovoid,

horizontally faintly striate, 2-4 per legume, 1.7 X 1-4 cm., usually with a

slight depression on the surface nearest the other seeds. (Figure 2).

Additional specimen examined: Vacant lots in Matthew Town, Inagua, Dun-
bar 352 (a).

The closest relatives of Caesalpinia murijructa appear to be the unarmed

species C. caymanensis Millsp. with white-hairy branches and gray seeds;

C. culebrae 3 with orange-yellow seeds; and C. portoricensis,4 with black

Another population of Caesalpinia subgenus Guilandina was dis-

covered in a field adjacent to the type locality of C. murijructa. Its flowers

were one and one-half times the size of the flowers of any other Bahama
species of subgenus Guilandina. The only flowers seen were staminate,

yet one young, seemingly aborted, fruit was also found. The clone may
represent a polyploid population. Until more material is known, it is con-

sidered an anomalous form of C. ovalijolia.

"Caesalpinia culebrae (Britton & Wilson ex Britton & Rose) Gillis & Proctor,

comb. nov. Guilandina culebrae Britton & Wilson ex Britton & Rose, X Am. Fl. 23:

339. 1930. Type. Coast of Culebra I, Puerto Rico, Britton & Wilson 79 (ny).

* Caesalpinia portoricensis (Britton & Wilson) Gillis & Proctor, comb, nov.

Guilandina portoricensis Britton & Wilson, Sci. Surv. Porto Rico Virgin Is., 5: 380.

1924. Type. Salinas de Guanicas, Puerto Rico, Britton, Cowell, & Brown 4916 (ny).

with open flowers and buds subtended by awned bracts, X 1 1/2 ;
c, staminate

flower showing varying lengths of stamens, X 2 ; d, single stamen, note pubescence

on filament, X 5; e, fruit, with remnant of calyx and accrescent stylar "tail,"

X 1/2; f, seed, showing faint striations, X 1.
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LENBRASSIA (GESNERIACEAE)

A NEW GENUS ENDEMIC TO NORTH QUEENSLAND

George W. Gillett *

The late C. T. White, in describing C oronanthera australiana, the sole

Australian representative of Coronanthera and of the tribe Coronanthereae,

remarked: "If when better known the plant is found to bear definitely

fleshy, indehiscent fruit, then it may have to form the basis for a new

genus." White confirmed this possibility by a collection made only a few

months later {White 10548, Sept. 1936), showing that the species was in-

deed characterized by a fleshy fruit. In 1967, in the publication in this

journal (48: 245) of a new species of Coronanthera indigenous to the

Solomon Islands, I remarked that the genus was not to be considered in-

digenous to Australia because the alleged representative was, according to

White, characterized by fleshy fruit. This situation would mandate the

exclusion of C. australiana not only from the genus Coronanthera, but also

from the tribe Coronanthereae, characterized by capsular fruit and wind-

dispersed seed.

During August, 1973, it was possible for me to carry out field studies in

the rain forest of North Queensland and to make an ample collection of

Coronanthera australiana, at that time in flower and fruit. The field work

confirms White's observation that this species (Figure 1) has a fleshy

fruit. This character and the larger, cylindrical corolla, do indeed make

it a strongly discordant element in the Coronanthereae.

A perhaps closer relationship for this monotypic Queensland endemic

would be with the genus Fieldia, indigenous to South Queensland. New
South Wales, and Victoria, and the Australian representative of the South

American tribe Mitrarieae (Sarmienta, Asteranthera, Mitraria). At the

same time, the coherent anthers, borne on twisted filaments, and the arbo-

rescent habit alienate it from Fieldia. It appears, therefore, that the most

reasonable interpretation of this different, attractive element is as a

separate genus in the tribe Mitrarieae. This lends emphasis to an in-

teresting although not unusual pattern of phytogeographic relationship,

with three genera of the tribe indigenous to southern South America and

two genera in eastern Australia.

The name chosen for the new genus, Lenbrassia, is in commemoration

of Leonard Brass, whose prodigious botanical explorations in the South-

west Pacific have played a signifies

botany of that area.

Lenbrassia G. W. Gillett, gen. nov.

Propter fructum carnosum et co

Mitrariearum propter antheras
Type Species: L. australiana.

* Research supported by Grant G



432 JOURNAL OF THE ARNOLD ARBORETUM [vol. 55

Figure 1. Lenbrassia australiana: a, habit, X 2/3; b, inflorescence, X
flower, X 3; d, opened corolla (anterior lobe in center), X 2; e, hairs from tfie

outer surface of the coroUa, X 60; f, hairs from the inner surface of the corolla.
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Lenbrassia australiana (C. T. W

Coronanthera australiana C. T. White. Proc. Roy. Soc. Queensland 47(5): 73.

1936.

Habit a branching tree up to 13 m. high, with hard, strong wood, the

buds and young foliage purple, turning green with maturity. Indument of

light brown, nonglandular hairs 50-100 /*m. in basal diameter and 0.5-

1.0 mm. long. Leaves opposite with a scabrous pubescence on the upper

and lower surfaces, the petioles 0.5-2.0 cm. long, the blades lanceolate to

oblanceolate, 2.5-5.5 cm. broad and 5-15 cm. long, the primary veins

7-9 per side and curved acropetally along the margins of the blade, the

secondary and tertiary veins obscure above and below, the blades unequal

and acute to cuneate at bases, acute to acuminate at apices, sharply serrate,

with narrow, evenly spaced teeth about 1-1 Vz per cm. at margins. In-

florescences scabrous, cymose, of 1-3 flowers, the axillary peduncles 0.5 —
1.5 cm. long, terminated by a pair of deciduous, linear bracts 3-8 mm.
long, the bracts subtending 1-3 pedicels 0.5-1.5 cm. long. Calyx persis-

tent, the tube clasping the base of the mature fruit, the calyx 10-12 mm.
long, cleft 2/3 of its length into 5 equal to subequal, subterete, linear-

acuminate lobes, the calyx scabrous on the outer and inner surfaces with

nonglandular hairs, the outer hairs erect, 50-100 ^m. in basal diameter and

0.5-1.0 mm. long, the inner hairs much smaller, 20-30 fxm. in basal diam-

eter and 100-200 /im. long, acropetally inclined on the tube, erect on

the lobes. Corolla tangerine orange, cylindrical, pubescent on the outer

and inner surfaces with erect, nonglandular hairs 20-30 ^m. in diameter

and 100-150 Mm. long, the corolla 18-20 mm. long, cleft 2-4 mm. into 5

unequal, rounded lobes, the 2 posterior lobes shorter. Stamens 4, borne as

2 lateral pairs, the 4 anthers coherent at apices, the filaments 9-10 mm.

long, pubescent near apices with small, nonglandular hairs, the filaments

twisted and curved, adnate to the corolla tube 5 mm. above its base and

12 mm. below the sinuses of each of the two lateral lobes, the 4 anthers

at early anthesis raised to the posterior wall of the corolla tube, displaying

the pollen prior to the elongation of the style, at late anthesis lowered

against the anterior wall of the tube, concealing the pollen. Staminode

glabrous, 2 mm. long, comprised of a short filament and rudimentary an-

ther, the filament adnate to the corolla 6 mm. above the base of the tube

and 11-12 mm. below the sinus of the posterior lobes. Ovary and style

15-16 mm. long at late anthesis, pubescent with small, erect, nonglandular

hairs, the ovary tapering uniformly, concavely. into the style, the placenta-

tion parietal, the glabrous, cupulate annular disc wholly adnate to the

base of the ovary as a swollen rim 0.5 mm. high. Stigma glabrous, spatu-

late, truncate, entire. Fruit fleshy, light green, shiny, pubescent, 2.0-2.5

cm. long, obclavate, tipped by 0.75-1.25 cm. of the persistent style base.

style.
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Seeds ovoid, brown, 0.6-0.7 mm. long, the coats with longitudinal striations.

Type Locality. Mt. Demi, North Queensland, 760 m., in rain forest.

Holotype collected by Brass, cited below.

Distribution. Upland rain forest in North Queensland, between the

latitudes of Mossman and Cape Tribulation, 760-1250 m.

Queensland: Mt. Spurgeon, Merrotsy 27 (bri, k), C. T. White 10548

(bri, k); Mt. Demi, Brass 2087 (BRi-holotype) ; Mt. Misery, Balgooy 1594

(bri, k, uc) ; between Mt. Lewis and Mt. Demi, Gillett 2606 (a, bri, e, k, l, uc)

;

Mt. Lewis, L. S. Smith 10099 (bri) ; Thornton Peak, Brass & White 220 (bri,

The population represented by Gillett 2606 occurs as well dispersed,

small trees in the understory of a very dense rain forest that grows on

decomposed granite, on steep topography. The area is at 1050 m., north-

west of Mt. Lewis and near the boundary between the South Mary and

North Mary logging areas, along the Mt. Lewis logging road. The popula-

tion occurs on the slopes above (west of) the road. This road joins the Mt.

Malloy— Mossman road about 18 miles southwest of Mossman and 1-2

miles west of Julatten. This population, or possibly a series of disjunct

populations, extend along the east side of the Great Dividing Range from

Mt. Spurgeon to Mt. Lewis, for a distance of about 30 km. The genus also

occurs in a second region, about 30 km. to the east, east of the Daintree

River, in the Thornton Range. It is not known elsewhere.

Associated genera of the Mt. Lewis— Mt. Demi population (Gillett

2606) include: Syzygium, Angophora, Flindersia, Bubbia, Pullea, Austro-

baileya, Scaevola, Orania, Linospadix, Cyathea, etc.

The orientation of the stamens in the flowers of Lenbrassia would pro-

mote outcrossing. The protandrous anthers display the pollen at early

anthesis along the access route to the nectary and well above the non-

receptive stigma. At later anthesis, the thecae are depressed against the

anterior wall of the corolla (Figure Id), the residual pollen isolated and

concealed from the elongating style and stigma, now displayed along the

access route for the optimal reception of pollen from other flowers.

Department of Biology
University of California
Riverside, California 92502



CLARK, ILEX COLLINA

Ross C. Clark

In his revision of North American Ilicineae and Celastraceae, Trelease

(1892) described Ilex longipes and attributed it to A. W. Chapman. In

his description Trelease noted that it was related to Ilex decidua Walter,

and that its fruiting pedicels were about an inch long. Following the de-

scription, he referred to:
uNemopanthes Canadensis, Gattinger, Tennessee

Flora, 31," as a synonym.
In his 1887 Tennessee Flora, Gattinger listed ''Nemopanthes Canadensis

DC." (now known as Nemopanthus mucronatus (L.) Trelease) from

"Mts. at Cowan." His 1901 Flora of Tennessee does not include Nemopan-
thes in its catalogue (though the genus is included in the introduction,

which is repeated verbatim from the 1887 Flora). Gattinger was appar-

ently persuaded not to include Nemopanthes in his later edition by a letter

to him from Chapman in May, 1887, which stated that the material received

from Gattinger "is not [Nemopanthes], but a new species of Ilex (I. longi-

pes S. fl. . . .)" (Oakes, 1932). Extant specimens of "Ilex longipes Chapm.

ined." with undated labels in Gattinger's handwriting indicate that Gat-

tinger accepted Chapman's correction, but the question of why Ilex longi-

pes did not appear in Gattinger's 1901 Flora in place of Nemopanthes is un-

resolved.

Critical examination of type material indicates that Ilex longipes Chap-

man ex Trelease has been applied to plants within the circumscription of

Ilex decidua Walter; therefore, the former name belongs in the synonymy

of the latter. (Incidentally, a thorough study of the Ilex decidua complex

would be a worthwhile contribution.)

Unfortunately, confusion over the application of the name Ilex longipes

Chapman ex Trelease has become even more involved. Brooks (1920) at-

tributed Ilex longipes to West Virginia, basing his report upon Sargent's

correspondence with him in 1915. In 1936 Brooks found wild plants which

were identified for him as Ilex longipes; he therefore reported its presence

in West Virginia as certain. In the same report, Brooks (1936) included

a drawing of the plant, presumably made from material he had collected.

However, the plant he illustrated is not Ilex longipes Chapman ex Trelease.

but is obviously referable to the taxon described later as Ilex collina Alex-

ander (1941).

Apparently due to misdetermination, Brooks's association of Ilex longipes

Chapman ex Trelease ( = Ilex decidua Walter) with the illustration of

putative Ilex collina Alexander has led to an habitual association of the

* Contribution No. 3, Spartanburg County Arboretum, Switzer, South Carolina,
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two. This occurs in the treatments of Fernald (1950), Gleason (1952),

Edwin (1957), Gleason and Cronquist (1963), Stupka (1964), and James

(1969), although Alexander (1941) and Woods (1951) have attempted to

correct the misconception. Woods (1951), Ammons and Core (1945), and

Strausbaugh and Core (1958) correctly realized that the plants in question

should not be referred to Ilex longipes Chapman ex Trelease, while Massey

(1961) was noncommittal.

Recent examination of specimens of plants referred to Ilex collina

Alexander indicates that they should not even be included within Ilex, but

within Nemopanthus instead. Nemopanthus Rafinesque is a genus char-

acterized by obviously apopetalous corollas of narrow petals, stamens that

are free from the corolla, inconspicuous calyx lobes in staminate flowers,

and calyx lobes in pistillate flowers which are deciduous or semipersistent

as the fruit matures. These characteristics are in contrast to the gamo-

petalous, rotate corollas with oblong-ovate lobes, stamens fused (if only

slightly) to the corolla, and obvious, strongly persistent calyx lobes en-

countered in plants referable to Ilex (Loesener, 1942). There is sentiment

at present among some North American workers toward abandoning

Nemopanthus as a segregate of generic status. This writer feels that re-

assessment of generic concepts within the Aquifoliaceae is an issue that

still awaits thorough investigation. However, on the basis of Loesener s

(1942) treatment, it appears that if more than one genus is recognizable in

the Aquifoliaceae, then Nemopanthus does merit recognition.

From examination of type and other material of Ilex collina Alexander

and its yellow-fruited form, /. collina f. van-trompii (M. Brooks) Core &

Davis, it is evident that plants commonly referred to these taxa meet

criteria for their inclusion in the genus Nemopanthus as an additional

species. This is reflected by the following treatment.

Nemopanthus Raf. Am. Monthly Mag. Crit. Rev. 4: 357. 1819, nom.

cons. (Int. Rules Bot. Nomencl. ed. 3. 102. 1935.)

Nemopanthes Raf. Jour. Phys. Chim. Hist. Nat. 89: 96. 1819.

Ilicioides Dumont-Courset, Bot. Cult. ed. 1. 4: 27, 28. 1802.

DC. Rapp. Jard. Geneve 44. 1821.

Deweya Eaton, Man. Bot. ed. 7. 403, in obs. 1836.

Iliciodes O. Kuntze, Rev. Gen. PL 1: 113. 1891.

glabrous, rarely puberulent or

oth, gray bark; bud scales cihate.

Leaves deciduous, simple, alternate, petiolate, glabrate, the upper surfaces

sometimes rugose, stipules caducous. Flowers 1 to several at a node, radially

symmetrical, pedicellate, essentially ebracteolate. Calyx lobes 0-5, ephem-

eral to semipersistent, glabrous, entire; corolla apopetalous, petals 3-4,

linear or lanceolate, glabrous, entire; stamens 2-6, anthers dorsifixed, longi-

tudinally and introrsely dehiscent, filaments alternate with petals, glabrous;

carpels 4-5, stigma sessile, ovary superior, glabrous. Drupe enclosing 4 or

5 pyrenes, each enclosing a single seed. As presently known, the genus

includes two species of eastern North America.
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Diagnostic Key to the Species of Nemopanthus Rafinesqce

Leaves acuminate and glandular at tip. with glandular-serrate margins; calyx

lobes of staminate flowers (when present) subulate, 0.7-1.7 mm. long and

0.3-0.8 mm. wide, anthers 0.8-1.7 mm. long; calyx lobes of pistillate (lowers

subulate. 0.6-1 mm. wide, semipersistent on fruit; endocarps (pyrenes)

5.2-6.3 mm. long and 2.6-4 mm. broad, dorsally and usually laterally ribbed.

1. Nemopa?ithus collinus (Alex.) Clark.

Leaves obtuse and mucronate at tip, with entire to remotely serrate margins;

calyx lobes of staminate flowers (when present) setaceous. 0.2-1 mm. long

and 0.1 mm. or less wide, anthers 0.3-0.8 mm. long; calyx lobes of pistillate

flowers setaceous, 0.1 mm. or less wide, deciduous on fruit; endocarps

(pyrenes) 3.8-5.2 mm. long and 2.5-3.2 mm. broad, dorsally smooth or

ribbed, laterally smooth 2. Nemopanthus mucronatus (L.) Trelease.

1. Nemopanthus collinus (Alexander) Clark, comb. nov. Map 1.

Ilex collina Alexander, Castanea 6: 30, 31. 1941.

Ilex longipes ( id i 1950), Edwin (1957). Gleason & Cron-

quist (1963), Stupka (1964); Gleason (1952) and James (1969) in part,

not Trelease (1892).

Shrubs or small trees to about 4 m. high. Leaf blades elliptic to oblan-

ceolate or obovate (occasionally suborbicular), to 9.5 cm. long and 6.5 cm.

wide, glabrous to pilose, apices acuminate with a sessile gland at the tip,

margins glandular-serrate and occasionally sparsely ciliate proximally,

bases cuneate to attenuate; petioles to 1.9 cm. long, glabrous, stipules

linear. Pistillate flowers 1 (rarely 2) per node, staminate flowers pedicel-

late, 1-3 at a node. Pistillate flower: calyx lobes 4, subulate, acute to

acuminate. 0.4-0.8 mm. long, 0.6-1 mm. wide, semipersistent in fruit;

petals (only one specimen seen) 4, greenish-white, linear or narrowly

lanceolate, 1.7-2.3 mm. long, 0.4-0.6 mm. wide; carpels 4; pedicels 7-34

mm. long, often reddish in fruit, glabrous, ebracteolate. Staminate flower:

calyx lobes 0-5, ephemeral, lanceolate to ovate, acuminate, 0.7-1.7 mm.

long, 0.3-0.8 mm. wide; petals 4, greenish-white, linear, to about 4 mm.

long, 0.3-0.5 mm. wide; stamens 3-6, anthers 0.8-1.7 mm. long, 0.3-0.6

mm. broad; pedicels 4.5-13 mm. long, glabrous, ebracteolate or with

occasional, minute, basal bracteoles. Drupe 7-10 mm. long and broad, red

or yellow, enclosing 4 endocarps (pyrenes) (fewer by abortion), the endo-

carps 5.2-6.3 mm. long, 2.6-4 mm. broad, dorsally and usually laterally

ribbed. Flowering May-June; fruiting August-February. Stream and bog

margins, seepages and moist exposed slopes, in the mountains of 'West

Virginia, Virginia, and North Carolina. Type ( !
) :

Alexander, Everett &
Pearson, Whitetop Mtn., Va., Sept. 1, 1933 (ny!).

Illustrations. Castanea 1: 84 (as /. longipes Chapm.); Castanea 10:

58 (as /. collina Alex.); Gleason (1952), in the figure on p. 500 (vol. 2),

shows staminate material of Ilex decidua Walter to the left and pistillate

material of Nemopanthus collinus (Alex.) Clark to the right (as /. longipes

Chapm.) ; Strausbaugh & Core (1958). p. 603 (as Ilex collina Alex.).



Nemopanthus collinus forma van-trompii (M. Brooks) Clark, comb.

, Trans. Acad. Sci. St. Louis

L. Sp. PI. 350. 1753.
Ilex canadensis Michx. Fl. Bor.-Am. 2: 229. 1803.
Nemopanthes fascicularis Raf. Jour. Phys. 89: 97. 1819.

Nemopanthes canadensis (Michx.) DC. Mem. Soc. Geneve 1: 450. 1823.

Ilicioides mucronata (L.) Britton, Mem. Torrey Bot. Club 5: 217. 1894.

Shrubs or small trees. Leaf blades oblong, elliptic or ovate to sub-
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lanceolate or oblanceolate, to 6 cm. long and 3 cm. wide, upper and lower

surfaces glabrous or rarely puberulous, apex obtuse to acute or abruptly

acuminate and mucronate (or emarginate by abortion of the mucro), mar-

gin entire to remotely serrate (rarely remotely dentate), base cuneate,

truncate, or obtuse; petioles to 2 cm. long, glabrous or puberulous, stipules

setaceous. Pistillate flowers 1 (rarely 2) per node, staminate flowers 1-2

at a node. Pistillate flower: calyx lobes 0-4, ephemeral, setaceous, 0.5-1

mm. long, 0.1 mm. or less wide; petals 4, greenish-white, linear or nar-

rowly lanceolate, 1.4-2.5 mm. long, 0.4-0.6 mm. wide; pedicels often red-

dish in fruit, 11-43 mm. long, occasionally with lenticels, glabrous or

puberulous. Staminate flower: calyx lobes 0-4, fugacious, linear or seta-

ceous, 0.2-1 mm. long, 0.1 mm. or less wide; petals greenish-white, linear.

1.5-2.1 mm. long, 0.2-0.4 mm. wide; stamens 2-5, anthers 0.3-0.6 mm.
broad, 0.3-0.8 mm. long, filaments 1-2.8 mm. long; pedicels 7-23 mm.
long, glabrous. Drupe 7-10 mm. long and broad, dark red, enclosing 4 or 5

endocarps (pyrenes) (fewer by abortion), the endocarps 3.8-5.2 mm. long,

2.5-3.2 mm. broad, dorsally smooth or ribbed, laterally unribbed. (2m =

40.) Flowers March-June; fruits July-November or later. Bogs, lake mar-

gins, low woods and open ground, moist slopes and ridges, from Newfound-

land and Nova Scotia to Ontario, Minnesota, Indiana, Ohio, West Virginia,

Virginia and Maryland, and attributed to Illinois by Fernald (1950).

Tvim : Kalm (linn); not seen.
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ADDITIONAL NEW TAXA AND
NEW COMBINATIONS IN HYMENAEA
(LEGUMINOSAE, CAESALPINIOIDEAE)

Y. T. Lee and J. H. Langenheim

The leguminous genus Hytnenaea in the tribe Detarieae (Cynome-

treae sensu Leonard) has long been considered a neotropical genus. With

the recent reinstatement of Hymenaea in the recorded African flora (Lan-

genheim & Lee, 1974), the genus again has an amphi-Atlantic distribution.

Although all species of Hymenaea but one are neotropical, evidence clearly

supports an African origin for the genus with the Amazon Basin being a

secondary center of distribution (Langenheim, 1973; Langenheim, Lee, &
Martin, 1973; Langenheim & Lee, 1974). The African species H. verrucosa

(formerly Trachylobium verrucosum) is restricted to the east tropical coast

and adjacent offshore islands, occurring in seasonally dry lowland forests.

In the New World, 17 species have been recognized to date (Lee & Langen-

heim, 1973) which span the tropics, occurring from 23°N to approximately

25° S and occupying all major ecosystem types from equatorial rain forest

to thorn forest.

During the course of a systematic study of Hymenaea (Lee, 1973, un-

published thesis), one new species, two new varieties, and several new

combinations were suggested which are discussed in the present paper.

Hymenaea maranhensis Y. T. Lee & Langenheim, sp. nov.

Figures 1 & 2.

Arbor parva usque ad 2-6 m. alta plerumque fruticosa cum ramulis prope

terram. Foliola obovata vel oblonga, 8-10 X 4.0-5.5 cm., supra hebetata

et sparse adpresso tomento praedita, infra tomento rubro-fusco implecto

praedita, pilis maxime prominentibus secus venas et margines. Inflorescen-

tia corymbosa racemis paucis paucifloribus composita, ramulis brevibus

robustis indumento dense tomentoso praeditis, bracteolis ovatis vel obova-

tis 16-18 X 14-16 mm., plerumque per anthesin persistentibus. Hypan-

thium floris campanulatum, sessile; lobi calycis oblongi, 25-30 X 10-15

mm., indumento extus griseo-brunneo tomentoso intus aureo-tomentoso-

sericeo praediti; petala spathulata, 28 X 12 mm., manifeste unguiculata

(unguibus 6-7 mm. longis) ; ovarium longistipitatum (stipite circa 8 mm.

longo), circa 10 X 4 mm., basi et secus margines indumento dense flavido-

piloso praeditum, parte centrali plerumque nuda; ovula 8-12. Fructus

maturus seminaque non cognita.

Type: Brazil. Maranhao: Municipio de Loreto. "Ilha de Balsas"

region, between Balsas and Parnaiba River, ca. 20 km. south of Loreto,

north of main house of Fazenda Trabalhosa, Apr. 8, 1962, G. & L.T. Eiten
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of Hymenaea. Insert

isotype; additional type material 7

base. Leaves bifoliolate

4183 (ny, holotype!

k, sp, and us from ub).

Small tree, usually shrubby and branched l

and petiolate, the petiole 12-16 mm. long, densely puberulent, the leaflets

with twisted petiolule ca. 3 mm. long, the lamina obovate to oblong, the

inner half much narrower than the outer half, the apex obtuse, the base

oblique, with one side acute and the other side rounded, the midrib and

secondary veins prominent on both sides, elevated beneath. Inflorescence

corymbose, composed of few racemes, each with relatively few flowers, the

pedicels 8-14 mm. long, the bracts not seen, bracteoles ovate to obovate,

usually persistent during anthesis. Flowers relatively large, the bud before

opening ca. 28 X 14 mm.; hypanthium campanulate, subsessile; calyx lobes

oblong, grayish-brown tomentose outside, yellowish-brown tomentose-sen-

ceous within; petals creamy white, spatulate, early deciduous; stamens 10,

the filaments 30-35 mm. long, the anthers ca. 8 mm. long; ovary long-stipi-

tate, obliquely oblong, densely yellowish pilose at base and along the mar-

gins but usually glabrate in the central parts, the style ca. 25 mm. long,

glabrous, the ovules 8-12.

Habitat and Distribution. This species is restricted to southeastern

Maranhao and has only been collected a few times. It grows in sandy

xeromorphic woodland, a type of cerrado (regionally referred to as

'chapada'). The flowering season is from February to April.
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Brazil. Mabanhao. Municipio de Loreto: "Ilha de Balsas" region t

Balsas and Parnaiba River, Feb. 3, 1970, G. & L.T. Eiten 10460 (»

km. north of Parnaiba River at Santa Barbara, Feb. 18, 1971, lOt

6 km. SE of Loreto, Feb. 28, 1970, 10809 (a, ub).

"Jatoba do vaqueiro" and "jatoba (
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Professors G. and L. T. Eiten of Dept. VEG-IB, Universidade de Brasi-

lia, DF, Brazil, have kindly sent us their Hymenaea collections from

Maranhao for study; from these the description of this new species was

drawn. Hymenaea maranhensis is closely related to H. eriogyne and H.

aurea, but can be separated from these species by ( 1 ) the vesture pattern

of the ovary which is densely pilose at the base and along the margins but

usually glabrate in the central parts, (2) the relatively large and usually

persistent bracteoles, (3) the long pedicels, and (4) the sessile hypan-

thium. It can be distinguished from the other species of sect. Hymenaea,

to which it belongs, by its pubescent ovary. It differs from the species in

sect. Trachylobium in its corymbose inflorescence and large flowers.

The specific epithet is derived from the name of the state of Maranhao,

Brazil.

Hymenaea maranhensis has a partially pubescent ovary and spatulate

petals, both characters of species which we considered to be more primi-

tive and which occur in the rain forest; these characters, as well as the

proximity of its range to the Amazon Basin, suggest the relictual nature of

this species. Several presumably adaptative characters, such as the large and

usually persistent bracteoles, the thickly coriaceous leaves, and the shrubby

habit, indicate an evolutionary trend toward a drier habitat. Its resem-

blance to the more common cerrado species H. stigonocarpa also suggests an

intermediate position between that species and those of the Amazonian

rain forests (Lee, 1973, unpublished thesis).

Hymenaea rubriflora var. glabra Y. T. Lee & Andrade-Lima, var. nov.

Figures 1 & 3.

Varietatis rubriflorae similis sed in foliolis latioribus chartaceis utrinque

glabris differt.

Type: Brazil. Pernambuco: "Bonito, Mata secund., marg. estr. 1 km.

alem divisa Camocim de Sao Felix," Feb. 10, 1969, D. de Andrade-Lma

67-A929 (ipa, holotype! ; uc, isotype! ).

Small tree 5-6 m. tall. Leaves bifoliolate and petiolate, the petiole

slender, 12-20 mm. long, glabrous, the leaflets with twisted petiolule ca.

4 mm. long, the lamina oblong, 10-14 X 4-7 cm., the inner half much nar-

rower than the outer half, chartaceous, glabrous and shining on both sides,

the apex obtuse to apiculate, the base oblique, with one side acute and the

other side rounded, the midrib and secondary veins prominent, elevated

beneath, the veinlets finely reticulate and conspicuous on both sides. In-

florescence corymbose, composed of few racemes, its branches short and

densely reddish-brown tomentose, the pedicels 4-6 mm. long, bracteoles ca.

10 X 8 mm. The hypanthium campanulate, sessile to subsessile; calyx

lobes oblong, obtuse, 16-18 X 6-9 mm.; petals red, lanceolate, 14-22 X
5-8 mm., short unguiculate (claws 2-3 mm. long) ; stamens ca. 25 mm.

long, the anthers 4-5 mm. long, the filaments red to pink; ovary long-

stipitate (the stipe ca. 5 mm. long), obliquely oblong, 7-8 X 3.5 mm., the

style ca. 20 mm. long, the ovules 6-10. Fruit and seeds not seen.



LEE & LANGENHEIM. HVMENAEA

im, and pistil.

Habitat and distribution. This new variety is known solely from the

type collection which was made in a secondary forest on a hilly range along

the Atlantic coast. Flowering was in February.

Vernacular name. "Jatoba." This name is also used for other Hymen-

Hymenaea rubriflora var. glabra may be easily separated from var.

rubriflora by its broader, chartaceous. and glabrous leaflets.

The oblong, rather large (ca. 14 X 7 cm.), and glabrous leaflets are

similar to those of H. oblongijolia var. latijolia which has been collected

along Rio Gurjau, Pernambuco. and in southern coastal Bahia (Lee &
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Langenheim, 1973). The two species, however, belong to different sec-

tions of the genus and can be separated by the type of inflorescence, vesture

of the ovary, and the size of the flower.

Hymenaea courbaril L. Sp. PI. 1192. 1753. var. courbaril. Figure ]

Hymenaea courbaril var. obtusifolia Ducke, syn. nov., Arch. Jard. Bot. Rio c

Hymenaea courbaril var. villosa Y.T. Lee & Andrade-Lima.

Figures 1 & 4.

Varietatis subsessilis similis sed in foliolis supra sparse pubescentibus

infra dense villosis (praesertim secus costam et venas secundarias), floribus

minoribus et ovario cum stipite distincto differt.

Type: Brazil. Paraiba: Along roadside near Paquevira de Natuba, Oct.

27, 1971, Lee & Andrade-Lima 83 (uc, holotype! ; uc, isotype!).

Medium-sized tree 8-10 m. tall, the trunk ca. 35 cm. in diameter, the

branchlets lightly puberulent to glabrous. Leaves bifoliolate and petiolate,

the petiole slender, 12-18 mm. long, slightly to densely puberulent, the

leaflets with twisted petiolule 2-3 mm. long, the lamina broadly to nar-

rowly falcate, 6-9 X 3.5 cm., the inner half much narrower than the outer

half, coriaceous, shining and glabrate above, lightly to densely pubescent

beneath, occasionally conspicuously short-hairy on margins, the apex

acute to short-acuminate, the base oblique, with one side acute and the

other side rounded, the midrib and secondary veins elevated beneath and

densely villous, the veinlets finely reticulate beneath and obscure above.

Inflorescence branches, pedicels, and flowering buds lightly ochraceous to

yellowish-brown, puberulent, the pedicels ca. 6 mm. long. Flowering buds

before opening ca. 18 X 7 mm.; the hypanthium with a stalk-like base 6-7

mm. long; calyx lobes obovate, ca. 14 X 7 mm., ochraceous to subgolden-

brown pubescent outside, densely golden-brown tomentose within; petals

creamy white, obovate, obtuse, 12x7 mm., subsessile; stamens 22-25 mm.
long, the anthers 5-6 mm. long; ovary short-stipitate (the stipe ca. 3 mm.
long), obliquely oblong, ca. 5 X 3 mm., slightly pilose at one side of the

base to glabrous, the ovules 8-12. Fruit oblong to cylindrical, 9-12 cm.

long, 4.5-5.5 cm. wide, and 3.5-4.0 cm. thick, light to dark brown, sub-

compressed, the suture not prominent. Seeds 4-8, obovoid to ellipsoid,

about 2.5 cm. long, 2 cm. wide, and 1.2 cm. thick, the testa dark brown,

its intrusion in the cotyledon producing 2 shallow furrows.

Habitat and distribution. The type specimen was collected from a

moist forest in hills (elevation ca. 500 m.) in inland Paraiba about 70 km.

west of the Atlantic coast. Two other specimens were collected in the same

location and one in the neighboring state of Pernambuco. The flowering

time is December and January.
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Brazil. Paraiba: in the vicinity of Natuba, Nov. 21, 1971, Lee & Andrade-Lima

81 & 82 (uc) ; Alagoinha, Jan. 4, 1943, L. Xavier 1183 (He*., Univ. Federal de

Paraiba). Pernambuco: Tapera, Dec. 6, 1931, D. B. Pickel 2853 (a, ipa).
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Hymenaea courbaril var. villosa is very similar to var. subsessilis but may
be distinguished from it by ( 1

) the lightly to densely villous lower surface

of the leaflets, particularly the midrib and secondary veins, (2) the smaller

flowers, and (3) the occasional pilosity at the inner side of the base of the

Because of its occasionally very densely hairy leaflets this variety has

been confused with Hymenaea martiana, which is generally found in the

drier habitats such as the thorn forests in northeastern Brazil and the

savannah in central Brazil. However, H. courbaril var. villosa may be dis-

tinguished from H. martiana by its falcate leaflets, smaller flowers, and the

vesture of the calyx.

Hymenaea altissima Ducke, Annaes Acad. Brasil. Sci. 7: 207. 1935.

Type: Brazil. State of Rio de Janeiro: Aveller, Fazenda Posse, 1930,

A. Ducke RB 30306 (rb, lectotype!; mg!, r!, isotypes). Since Ducke

merely listed six collections and did not indicate a type, one of these collec-

tions was designated by Egler (1963) as the "type."

Habitat and distribution. This variety has a very narrow distribu-

tion along the Atlantic coast. It has been collected in humid forests in the

city of Rio de Janeiro, Guanabara, in Serra do Mar of the state of Rio de

Janeiro, and in the city of Sao Paulo, Sao Paulo. Trees flower in Novem-

ber and December and have mature fruit in the following May.

Vernacular name. "Jatahy," commonly used for the entire genus in

southern Brazil.

Hymenaea altissima was characterized by (1) small, short- or long-

acuminate, and distinctly falcate leaflets on floral branches, (2) the highly

reticulate venation of the leaflets conspicuous on both surfaces, (3) the

relatively small flowers, and (4) the one- or many-seeded fruits.

The foliar characters and the relative size of flowers do not appear

sufficiently significant to warrant specific status for this taxon. Of the two

types of fruits described by Ducke, the one-seeded fruits are ovoid to

obovoid and subcompressed, whereas the many-seeded fruits are oblong and

strongly compressed, essentially similar to those of H. courbaril var.

courbaril. Thus we conclude that the relationship of H. altissima is best

expressed by varietal status under H. courbaril; the occurrence of two

different types of fruits may be the result of factors controlling the avail-

ability of pollen during anthesis.

Hymenaea courbaril var. longifolia (Benth.) Y. T. Lee & Andrade-

Lima, comb. nov. Figure I.

Hymenaea splendida var. longifolia Benth., in Martius, Flora Brasiliensis

15(2): 237. 1870.
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. Bahia: Villada Barra, Blanchct 3135 (u. holytype!

. Other than the type collection, this variety

has been collected in Chapada do Araripe, in the border area of the states

of Ceara, Piaui, and Pernambuco, which is surrounded by the thorn forest

(caatinga), a vegetation type in northeastern Brazil. The vegetation of

the chapada or highland is relatively dense, with scattered medium-sized

trees and a thick ground cover (cerrado or cerradao). The different e <>i the

highland vegetation from the surrounding areas probably results from its

elevation (ca. 1000 m.) and more abundant annual rainfall. This variety

flowers in November and December; the fruit usually falls in the follow-

ing September.

This taxon was originally described by Bentham (1870) as a variety of

H. splcndida and is known only from the type collection. It was brought

to our attention by Professor D. de Andrade-Lima of the Instituto de

Pesquisas Agronomicas, Recife, Pernambuco, Brazil. Additional material

was collected during a trip to northeastern Brazil (Lee & Andrade-Lima 95,

110, 111, & 112) which enabled us to determine its present taxonomic

status. Hymenaea splendida var. splendida, on the other hand, is con-

sidered to be synonymous with H. courbaril var. stilbocarpa (see below).

Hymenaea courbaril var. longifolia may be distinguished from other

varieties of H. courbaril by the (1) large, rather long (ca. 12 X 7 cm.),

glabrous, and usually obtuse leaflets, (2) medium-sized flowers (buds

before opening ca. 30 X 12 mm.), (3) occasionally clawed petals, (4)

externally ochraceous-puberulent and internally yellowish-tomentose calyx,

and (5) unusual shape of the fruit, which is broadest at the distal end.

This variety may be separated from H. stigonocarpa var. stigonocarpa,

which is characterized by glabrous leaflets and is commonly found in the

cerrado of central Brazil, by its smaller flowers, long-stalked hypanthium

(the stalk-like base is 6-7 mm. long), and the shape of the fruit.

Hymenaea courbaril \

heim, comb. & stat. r

Hymenaea stilbocarpa Hayne, Arzneikunde gebrauchlichen Gewachses 11:

pi. 11. 1830 (Flora 10: 740. 1827, nomen).

Hymenaea conjertijolia Hayne, ibid. pi. 9. 1830 (Flora 10: 740. 1827, nomen).

Based upon Sellow, "Brasilia" (b, probably destroyed; photographs, a!, k!,

Type: Brazil. Ad Caldas in Minas Gerais, Sept. 1867, Regnell
11-f

(k!). Hayne (1830) did not cite any specimens in his original descnptic

of this taxon. One of the four collections listed by Bentham (1870), tl
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;cimens ever cited as this taxon, is chosen here as the represen-

Habitat and distribution. This variety is native along rivers in rela-

tively dry forests on the plateau of the state of Sao Paulo and in adjacent

parts of Rio de Janeiro and Minas Gerais. It has also been collected in

southern Bahia, in the Federal District and southern Goias. It is frequently

cultivated in Belo Horizonte, Minas Gerais. It flowers from November to

January; the fruit is usually mature in September.

Vernacular names. "Jatoba"; "jatoba amarelo" (Minas Gerais);

"jatoba mirim" (Sao Paulo); "jatoba miudo" (Ceara) and "jatoba de

caatinga" (Bahia).

In describing this taxon, Hayne (1830) emphasized its dark-brown,

sausage-shaped fruit. Although this variety has been confused with var.

altissima, it is usually more like var. courbaril, and Bentham (1870) stated

that fruit of the two could scarcely be distinguished. Ducke (1935) pre-

dicted that H. stilbocarpa would eventually be considered a subtropical

variety of H. courbaril. The leaflets of var. stilbocarpa resemble those of

certain populations of var. courbaril in western Mexico and the West

Indies in shape, texture, and shiny surface, a similarity possibly explained

by progressive radiation into adjacent subtropical regions. After evaluat-

ing all the characters, we agree with Ducke's view that the taxon is best

considered as a variety of H. courbaril.

Hymenaea courbaril var. stilbocarpa is characterized by ( 1 ) calyx lobes

rusty or dark brown and sericeous-velutinous externally, golden-brown

sericeous internally, (2) fruit often dark brown and occasionally sub-

terete, (3) flowers smaller than in var. courbaril and var. subsessilis but

much larger than in var. altissima, and (4) medium-sized, subfalcate leaf-

lets.

Hymenaea courbaril, therefore, is now considered to be a polymorphic

species with six varieties— the five described here and the Amazonian

variety subsessilis. The range of the species is essentially that of the genus.

In the northern part of its distribution, H. courbaril var. courbaril has

radiated into various ecosystems, whereas in the Amazon and south of it

there is evidence of more morphological differentiation of H. courbaril in

different geographical ranges characterized by distinctive habitats, leading

i of these varieties.

Hymenaea adenotricha Ducke, Bull.

Type: Brazil. Amazonas: Habitat silva non inundabili prope

Paulo de OlivencA Aug. 19, 1929, Ducke RB 23282 (rb, holotype!;

p!, us!, isotypes).
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Habitat and distribution. This variety has hitherto been known solely

from the type collection made in Sao Paulo de Olivenga, close to the Peru-

vian border, where only a single tree occurs in terra jirma forest. A recent

collection from Rio Curuquete, near Cachoeira Santo Antonio {Prance et d.

14342), appears to belong to this variety. This suggests that the taxon

may have a wider range than previously indicated. Flowering of the type

collection was in August. Fruit and seeds have not been collected.

Vernacular name. "Jutai," a name commonly used for the genus in the

Ducke in the original description recognized the affinity of this taxon to

Hymenaea intermedia but distinguished H. adenotricha from it by (1)

thickly coriaceous leaflets with the base broadly expanded on one side,

(2) leaflets and petioles pubescent beneath, and (3) the ovary with short

stiff hairs on one side. After examining the type, we consider //. adeno-

tricha to be a western Amazonian variant of the typical form of H. inter-

Ducke (1935) also noted that the young fruits of this variety resembled

those of Peltogyne, a neotropical genus which has been considered by
some the genus most closely related to Hymenaea. This similarity, how-

ever, is only superficial. Mature fruit of Peltogyne is dehiscent, subtri-

angular to obliquely orbicular, flat, without pulpy endocarp, and usually

one-seeded. This kind of fruit is significantly different from the fruit of

Hymenaea, which is indehiscent, ovoid to oblong, with pulpy endocarp sur-

rounding the seed or seeds. The leaves of Peltogyne are bifoliolate; how-

ever, in most species, the petiolule is distinct and cylindrical. The petio-

lule of Hymenaea, on the other hand, is twisted, with the outer side covered

by the lamina of the leaflet. Additional evidence against an immediate

affinity of the two genera comes from seedling characters. The difference

in shape and number of primary leaves, again may indicate a relatively

remote relationship between the two genera.
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GOLDBLATT. CYTOLOGY IN MAGNOLIALES

Peter Goldblatt

Recent interest in the phylogeny of the prim

resulted in the addition of considerable cytological data on the group

(Raven & Kyhos, 1965; Ehrendorfer et al.. 1968; Raven, Kyhos & Cave,

1971). Nevertheless the cytology of two families, the Trimeniaceae and

Gomortegaceae (Raven, 1974), has remained unknown and represents an

important gap in our knowledge. The cytology of one species of the Tri-

meniaceae, Trimenia papuana, In = 16, is described here as well as that

for two other species, Hortonia floribunda, In = 38 (Monimiaceae) ' and

Austrobaileya cf. scandens, In = 44 (Austrobaileyaceae). While the

chromosome count for Hortonia is the first report for this genus, the count

for Austrobaileya cf. scandens is a confirmation of a previous count of

In = 44 for this plant published by Riidenberg (1967) in this journal. A
later record of In = 46 for this species (Ehrendorfer et al., 1968) which

threw doubt on Rudenberg's report must be viewed with misgiving.

MATERIALS AND METHODS

Mitotic counts were made from root tips of seedlings grown from seed

collected in the wild in the case of Trimenia and Hortonia, while root tip

material was obtained from Austrobaileya cf. scandens from a cutting of

the same material originally studied by Riidenberg. Root tips were pre-

treated on 0.1 per cent colchicine for five hours at ± 4°C, fixed in acetic:

ethanol, 1:3, for three minutes, and then stored in 70 per cent ethanol.

Root tips were hydrolized in 10 per cent HC1 at 60°C. and then squashed

in lacto-propionic orcein (Dyer, 1963).

OBSERVATIONS

1. Trimeniaceae
Trimenia papuana Ridley, 2n = 16, Mount Kaindi, Wau, New Guinea,

P. Katik 56376.

2. Monimiaceae
Hortonia floribunda Wight, In = 38, Kruikles, 800 m., Ceylon, Koster-

3. Austrobaileyaceae .

Austrobaileya cf. scandens C. T. White, In = 44, Australia. Queensland,

near Ravenshoe, Webb & Tracy 6301.

The record for Trimenia papuana represents the first count for the

family Trimeniaceae. Chromosomes of this species are of medium size
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(Figure 1A), ranging from 2.5-3.5 ^m. in length, and though they are

somewhat smaller than those of Austrobaileya, as described and illus-

trated by Rudenberg, they are of the same order. The karyotype of Tri-

menia papuana is, however, far more simple and comprises eight pairs of

similarly sized submetacentric chromosomes.
The chromosomes of Hortonia are very small and although they range

in size from about 3.0 to less than 1.8 ^m. the mean size is only about

2 /im. (Figure IB). Considerable difficulty was experienced in establishing

the chromosome number with certainty as there are a pair of extremely

large satellites on the longest pair of chromosomes, and in all but the

best preparations a higher chromosome count was obtained.

The count of 2« = 44 for Austrobaileya and every aspect of the kary-

otype reported by Rudenberg is verified here. Of particular note in the

karyotype are the two long pairs of chromosomes, the smaller of which

bears a very large satellite. The conflicting count of In = 46 by Ehren-

dorfer et al. (1968) cannot be explained, though it should be noted that

the material examined by Rudenberg is in fact from the same stock as that

studied here.

DISCUSSION

The basic number of x = 8 found in Trimenia is remarkable for the

Magnoliales, where much higher basic numbers are common, and the

only other group with diploids is the distantly related Annonaceae (Ra-

ven, 1974). It is even more unusual in the group of families sometimes

separated from the Magnoliales in the order Laurales (Takhtajan, 1969;

Smith, 1971), and Trimenia stands out as the only diploid in this alliance.

The cytology fully supports the segregation of Trimeniaceae from the

Monimiaceae as proposed by Money, Bailey, and Swamy (1950) on the

basis of morphological and anatomical differences. The cytological mfor-
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Table 1. Chromosome numbers in Monimiaceae s.s. (sensu Schodde.

T> Irasynandra sp. ca. 43 Ehrendorfer ct al.. 1

Hedycarya arborea Forst. 57 Hair & Beuzenberg, 1

Hedycarya angustifolia R. Cunn. 19 Ehrendorfer et al., 1

Hedycarya loxocarya (Benth.) Francis 19

Hedycarya sp. 1 19

Hedycarya sp. 2 19

Levieria acuminata \ V V. Muell.

)

Park 19, ca. 19

Palmeria scandens F. V. Muell. 19. ca. 19

Palmeria sp. ca. 19

Wilkiea macooraia (Baill.) Perk. ca. 38

Mollmcdia blumemvii Perk. 18 Gadella et al, 1969

19 Goldblatt

mation would in fact suggest that this family is even more distinct than

previously supposed, and cytological data for other species of Trimenia and

especially of Piptocalyx, the only other genus in the Trimeniaceae, are

eagerly sought.

The family Monimiaceae is comparatively well known cytologically.

\Yo:k by hair and Beuzenberg (1959) and by Ehrendorfer et al. (1968)

has indicated a base number of x = 19 in nine species of four different

genera of Monimioideae (Table 1). There are, however, other base

numbers indicated even within Monimioideae sensu Money, Bailey, and

Swamy: Borgman (1964) reported In = 44 in Kibara sp.; Ehrendorfer

et al. (1968) found In = ± 86 in Tetrasynandra sp.: and Gadella et al.

(1969) obtained In = 36 in Mollinedia blumemvii. Peumus boldus, be-

lieved to be only distantly allied to the main group of Monimioideae and

placed in a separate subfamily (Schodde, 1970), has In = 78 (Tschischow,

1956). It should also be noted that the two subfamilies of Monimiaceae,

Atherospermatoideae and Siparunoideae, recently segregated as two dis-

tinct families (Schodde, 1970), both differ in their cytology from the bulk

of the Monimiaceae with x = 22 in all species examined to date.

The chromosome number of In = 38 for Hortonia floribunda is thus

consistent with the majority of chromosome numbers known for the

Monimiaceae— Monimioideae. The chromosomes of Hortonia are similar

to those of Monimiaceae in size as far as this can be gauged from a

photograph published by Hair and Beuzenberg (1959) for one species

of Monimiaceae.
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Unfortunately, although many other representatives of the Monimia-

ceae are known cytologically, no other report or illustration of chromo-

some size in the family is known. It is disappointing to note that in spite

of the large number of chromosome counts that are known for the Mag-

noliales, there are very few instances where other characters of the karyo-

type are described. The author would like to make a general plea that

cytologists recording chromosome number at least make some mention of

general chromosome size if they do not give the size range and indication

of method used in preparation. In this way, additional karyotypic infor-

mation can be made available with very little effort.

If the chromosome size figured by Hair and Beuzenberg is consistent

in the Monimiaceae, then both base number and size strongly link Hor-

tonia with this family. This does not add weight to Smith's (1971)

segregation of Hortoniaceae, while Money, Bailey, and Swamy's (1950)

conclusion that Hortonia resembles the Monimioideae in many ways and

that it is much more closely related to this family than Trimenia or

Piptocalyx is clearly supported by the cytological evidence. On the other

hand, information now known for Trimenia supports the segregation of

this genus in a distinct family. Chromosome number alone might be seen

to be consistent with suggestions that the Austrobaileyaceae is related

to the Lauralean group of families. However, the great difference in size

observed between Austrobaileya and the few representatives of the Moni-

miaceae where this character is known suggests that the relationship be-

tween these two families is not particularly close. Since x = 7 is accepted

as the original base number for the Magnoliales, the Trimeniaceae would

appear to be an ancient diploid and to be one of the few extant primitive

diploid woody angiosperms. Hortonia is probably of palaeohexaploid
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RHIZOME ORGANIZATION IN RELATION TO VEGETATIVE
SPREAD IN MEDEOLA VIRGINIANA

Adrian D. Bell

The Indian cucumber, Medeola virginiana L., represents the only

species of the genus Medeola (Trilliaceae). Plants develop above-ground

parts and flowers during summer in rich woods, from Quebec south through

the Eastern States and down into Florida, Alabama, and Louisiana. Each

aerial shoot consists of a single slender stem averaging about 30 cm. in

height, bearing two pseudo-whorls of simple leaves and a semi-umbel of

small recurved flowers (Fernald, 1950) (Figure 1A). The aerial stem

arises from an underground rhizome system of great uniformity from plant

to plant. This consists of a single thin stem, swollen at its distal end to

form a tuber, and normally producing just two branches during the sum-

The only detailed study of the morphology of Medeola is presented in a

paper by Berg (1962), where it is compared with that of Trillium. His

material from three sites in North America (one of them Harvard Forest)

was grown for study in Norway in cold frames. The present investigation

is based on plants collected from natural sites and records their pattern of

symmetrical growth from one year to the next. This shows a high degree

of organization which is related to the method of vegetative spread. These

plants showed much less diversity than those collected from Harvard

Forest but cultivated in Norway.
Other references to Medeola contain scant information about the under-

ground stems of the plants (e.g., Holm, 1925; Ker, 1810) or are concerned

solely with taxonomy or cytology (e.g., Gates, 1917; Stewart & Bamford,

1942; Woodard, 1948). The present account confirms Berg's observations

on rhizome morphology and is intended to draw attention to the remark-

able degree of symmetry in the shoot system which permits a very efficient

method of exploiting the substrate.

METHODS

Thirty individual plants were carefully exposed in the leaf litter i

Harvard Forest, Massachusetts, 25 on May 14, 1973, and 5 on June 2

1973. The following data were recorded for each plant.

1. Size and maturity of aerial shoot;
2. Dimensions of parent rhizome system;
3. State and orientation of branches;
4. Presence of injury or disease

;

5. Depth of rhizome in soil.
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Each plant was located for subsequent study by means of a pair of small

flags, and the litter replaced. Unfortunately two thirds of the flags were

stolen during the summer. The remaining eleven plants were re-excavated

on November 14, 1973. A total of twenty-five plants was fixed in formalin-

acetic-alcohol (FAA) during May for further dissection in the laboratory.

In addition, five clumps of Medeola, each containing about five plants em-

bedded in litter, were transferred undisturbed to a greenhouse in May and

excavated in November. Thus this survey is based on the study of about

eighty individual plants overall.

OBSERVATIONS

The subterranean part of the plant consists of a long, thin, brittle stem

about 3 mm. in diameter bearing neither roots nor leaves for most of its

length but terminating in a swollen root-bearing tuber. The distal end of

the tuber turns erect to form the aerial shoot. Forward extension of the

sympodial system is continued by the development of a single vegetative

bud (the distal bud) at the base of the aerial shoot. This is always as-

sociated with a scale leaf but is not necessarily opposite its mid-vein. A

second vegetative bud (the proximal bud) appears close to the proximal

end of the parent rhizome, entirely unconnected with any foliar appendage

(Figure IB). Further buds, which normally do not develop, may be pres-

ent, subtended by other scale leaves. Each unit of the sympodium includes

up to two whorls of foliage leaves on the aerial stem, six leaves on average

in the lower, and three in the upper whorl. In addition there are five scale

leaves, one on the tuber, two at the base of the aerial shoot, and two further

up the aerial shoot. These may be numbered for convenience 1-5 (Figure

1, A and D). Scale leaf 3 always subtends the distal vegetative bud, except

occasionally in small plants which may have only four scale leaves, lacking

the one on the tuber (1). Berg (1962) distinguished between scale leaves

(recording up to five on the tuber) and cataphylls— three or rarely four

associated with the aerial shoot. His diagrams, however, indicate the con-

dition I have recorded, i.e. five reduced leaves in all, with scale leaf 3 sub-

tending the distal renewal shoot.

All plants show a remarkable uniformity of branching pattern despite a

considerable range in overall size at maturity as follows:

Average RanSe

Height of aerial stem 29.2 cm. 15.0-54.0 cm.

Length of underground stem 11.0 cm. 3.0-27-0 cm.

Length of tuber 3.0 cm. 1-5- 5.0 cm.

Small tubers produce small aerial shoots. Generally speaking, tubers less

than 3 cm. long develop aerial shoots with one whorl of leaves and no

flowers; tubers greater than 3 cm. long produce two whorls of leaves wi

flowers. In an established population the size of plants can be related

their position of origin; small plants originate from proximal buds, larg

plants originate from the distal buds. Similarly the narrow r00"^,;*^
section is proportionally much shorter in small plants than in large pi •

Rhizomes were found at an average depth in the soil of 5.5 cm., rangi &

from 3 cm. in compacted soil to 13 cm. in loose litter.
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Annual sequence of growth and branching pattern. The dormant

plant in late fall is shown in Figure IB. It consists of a swollen distal end

bearing roots and terminating in an upturned bud in which all the aerial

grains. Scale leaf 3 of the upturned bud has a very small renewal bud in its

organs of next year's growth are present. The tuber is packed with starch

axil, usually oriented to point forward. The proximal end of the plant con-

sists of the long thin stem bearing neither leaves nor roots. Within 2 to 3

mm. of the blunt end of this narrow stem, to which the remains of the

parent axis may be attached, there is a second small bud situated horizon-

tally either to the left or to the right (Figure 1C). The origin of this proxi-

mal bud is obscure; as was observed by Berg, it is not associated with a

leaf. The plant in this winter dormant state is shown diagrammatically in

Figure 2 A.

In the spring (May in Massachusetts), the large upturned bud expands,

raising a first whorl of vegetative leaves above the ground. About this time

the forward pointing renewal bud grows horizontally through the soil. It

bears no roots, and the only leaves are three leaf primordia at its apex.

This state is represented diagrammatically in Figure 2B. During the sum-

mer the horizontal stem continues to extend forward for some 15 to 20

cm. and then its distal end swells, beginning in July. The developing tuber

produces roots, thus arresting further growth. During this time also the

aerial stem continues to grow, unfolding a second whorl of usually three

small foliage leaves and the terminal inflorescence. Towards the end of the

summer the proximal vegetative bud grows out horizontally for some 2 to

5 cm. at an angle of approximately 45° to the parent stem, and its advanc-

ing end also begins to swell, illustrated diagrammatically in Figure 2C.

This branch has the same construction as the parent axis, but as has been

noted, its dimensions are smaller. In the fall the aerial system dies and

withers and the parent rhizome system entirely rots away. A distinct line

of separation is developed, producing the blunt but rounded proximal end.

Proximal vegetative buds develop on the two daughter plants as shown at

u and v in Figure 2D. This sequence is repeated each year, theoretically

producing four plants during the second year (Figure 2F), eight plants

during the third year (Figure 3A), and sixteen plants during the fourth

year (e.g., by the fifth winter the theoretical population would be repre-

sented by Figure 3B).
This potential doubling of the population each year in fact must occur

very rarely since mortality of individuals during the summer and fall is

high. Often the proximal vegetative bud is absent— the rear end of the

parent rhizome either becoming rotten, or being eaten, or failing to develop.

The same fates sometimes befall distal vegetative buds. In this manner

the number of individuals in an area is restricted.

Organization and symmetry. The symmetry of the shoot system is very

strict and seems well adapted to exploiting the forest floor. In every

excavation in which the disposition of two successive seasons' growth could

be determined, the proximal vegetative bud was on alternate sides from one

year to the next. If it is on the right one year it will be on the left the next
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year and vice versa. This is made evident by comparing Figures 2A and

2E; the right-hand bud (s) in A is on the left (/) in E. No deviations from

this rule were found. Consequently as the rhizome system advances for-

ward one unit each year, it leaves behind a second unit alternately to the

left and right and thus initiates new lines of growth at 45° to the line of

growth of the parent axis. This is evident in Figure 3A, where the lines of

growth are drawn in. At the same time, the base of each line of growth con-

tinues as a generating center for a series of new lines whose orientation ro-

tates 45° each year. The direction of rotation is constant because proxi-

mal buds are consistently to the same side— a right hand proximal bud

always bears its proximal bud to the right and vice versa. Again no devia-

tions from this rule have been observed (c.f. for example the buds s, u, and

w, in Figure 2 ) . Consequently, at the same time as the rhizome front ad-

vances, it leaves behind an increasing number of loci where proximal buds

are developed. The appearance of the rhizome system after four years'

growth is shown in Figure 3B. Sixteen dormant plants (solid black) are

present representing lines of advance in eight directions at 45° intervals

around the compass. The axes which generated these existing plants are

represented in outline.

From an ecological standpoint this rigid organization results in the po-

tential migration of the clone in all directions plus a constant restocking at

all sites— the rear buds borne on rear buds rotating portions of the clone

on the spot, so to speak.

Leaf orientation. Rather surprisingly the consistent positioning of the

vegetative buds does not appear to be governed by a consistent orientation

of the scale leaves on the rhizome. The first leaf along the stem ( 1 )
is the

one borne at about the middle of the tuber. The dorsal side of this leaf may

be located at any point on the circumference of the axis of the tuber, ap-

parently at random and without reference to the dorsiventral symmetry of

the rhizome. The remaining four scale leaves (2-5) are in a distichous

order in relation to the first leaf ( 1 ) . Again, the distal vegetative bud is

positioned towards the advance side of the aerial shoot, in most cases re-

gardless of the dorsiventral and encircling orientation of the subtending

scale leaf (3) (Figure ID).
Serial transverse sections reveal that the proximal vegetative bud is no

associated with a leaf; nevertheless it inevitably develops in a position

which correctly maintains the rigid organizational pattern of the rhizome

system. This is one of the most distinctive and remarkable features of this

shoot system and presents something of a morphogenetic puzzle.

Growth under greenhouse conditions- Five clumps of Medeola were

dug up intact in May and maintained undisturbed in a greenhouse with

ample light and water for the duration of the growing season. The result

of this simple transplantation was quite dramatic and illustrated tne

further potential for vegetative propagation which is not manifest in

natural populations.
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Five of these plants are shown diagrammatically in Figure 4. The

favorable growing conditions have resulted in the production of additional

tubers in two ways. Firstly there is the precocious development of shoots

which are normally the product of several years' growth, eg., at x in

Figure 4, where two generations (or orders) of branching develop in one

year. Secondly, there is the emergence of branches associated with scale

leaves other than scale leaf 3. e.g.. at y in Figure 4. These branches some-

times bear precocious branches themselves, always to the same side con-

sistently either to the left or right and thus behaving like proximal branches

in the normal plant, e.g., z in Figure 4. If a single plant had produced all

the variations represented by these five examples, it would have developed

nine new plants in the one season compared with the maximum of two

produced by a plant in the field.

In view of the results of this simple experiment, it is all the more re-

markable that in spite of the potential for extra bud development, vegeta-

tive growth is constantly restricted to two buds at opposite ends of the

DISCUSSION

The organized mobility of a clone of Medeola described in this account

represents a relatively simple example of a widespread phenomenon. A
great many plants are rhizomatous (or stoloniferous), only one major

group, the Gymnosperms, apparently lacking examples of this ubiquitous

mode of growth. However, precise details of rhizomatous growth patterns

are infrequently recorded (e.g., X. Halle, 1967. Ajramomum and Costus:

McClure, 1966, bamboos; Primack. 1973. Lycopodium; Smirnova, 1967.

Carex and Aegopodium; Takenouchi. 1931, bamboos; Tomlinson. 1970,

Croomia and Thalassia; Tomlinson & Esler, 1973, Ripogonum; and

Alpinia, at present under study, Bell).

It appears that a limited number of basic pattern types reoccur in un-

related groups. Trientalis borealis Raf. (Primulaceae) growing in the same

habitat as Medeola has a similar annual rhizome strategy, producing one

(sometimes two) distal renewal shoot but lacking the proximal shoot

(Anderson and Loucks, 1973). Invariably the addition of new units to the

distal ends of the system is accompanied by the progressive rotting of the

old proximal end, resulting in the "movement" of the plant through the

soil (c.f. Holttum. 1955; Madison, 1970). Medeola is unusual in that an

individual never consists of more than three orders of branching at a time

— two mature and the third represented by buds, and particularly in that

one branch arises at the proximal end of the parent. (A superficially similar

sequence occurs in Costus spectabiUs, which, however, has a vertical two-

unit rhizome system; F. Halle, 1972. personal communication.)

Individual ramets of most rhizomatous plants consist of more than three

consecutive orders of branching (a ramet is a single vegetative member of

a clone, the genet; Sarukhan & Harper, 1973). The extent of spread ot

a genet will depend on the details of rhizome pattern and durability.
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The inevitable influence of rhizome symmetry on the location of plants

in an ecological context is commonly ignored. It is not usually feasible to

excavate an entire plot to determine the subterranean affinities of aerial

"individuals," and the significance of the rhizomatous habit in a com-

munity is overlooked. However, the symmetrical organization of many of

these plants allows quantitative data typifying specific patterns to be col-

lected, and the future growth and spread of the plant can be simulated for

many generations. This approach to population dynamics as governed by
growth habit is at present being assessed by the author in the case of a

ginger. Alpima speciosa (Zingiberaceae). A computer linked to a graphic

display screen can demonstrate the future spread of a population given the

rules of branching determined by a detailed study of an actual population.

The results are proving to be very interesting and allow considerable scope

for further study.

SUMMARY

The rhizome of Medeola virginiana L. (Trilliaceae) is a simple but highly

organized sympodial structure. Under natural growing conditions the

rhizomes of individual plants vary in size but not in their quantitative con-

struction. In its winter resting state each long thin rhizome, which is

swollen at its distal end, bears five scale leaves and two branch buds. One

of these buds (the distal bud) grows horizontally forward from the base of

the developing aerial shoot during the following spring. A little later the

second (proximal) bud extends horizontally sideways from the extreme

proximal end of the parent rhizome and at an angle of 45° to it. This bud

does not arise in the axil of a leaf. During the fall the parent unit com-

pletely rots away leaving the two dormant branch units now independent

of each other. The process is then repeated, the potential annual doubling

of the population being modified by a high mortality rate. The symmetri-

cal pattern of events from year to year is recorded. The disposition of the

proximal bud follows a very strict sequence alternately from left to right

in successive generations. The overall result is a predictable spread of the

clone in eight directions from distal buds, together with replacement at

each site by proximal buds. The significance of predictable rhizome pat-

terns in population ecology is briefly discussed.
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l{l A1SION OF THE GEMS ACRONYCHI

Thomas G. Hartley

The genus Acronychia J. R. & G. Forster is known to occur naturally

from India east to southwest China and Taiwan, southeast throughout

Malesia to the Solomon Islands, New Caledonia and Lord Howe Island,

and south in eastern Australia from Cape York Peninsula to eastern

Victoria. Despite this rather wide distribution the genus is almost entirely

eastern Australian and New Guinean, 15 of the 42 known species being

endemic to the former area and 24 to the latter. Of the remaining species,

A. laevis is common to Australia, Lord Howe Island, and New Caledonia

(see Map 4); A. pedunculata is distributed from mainland Asia through-

out Malesia to New Guinea (see Map 9); and A. trijoliolata. with three

varieties, ranges from Java to the Solomon Islands (see Maps 7 and 8).

Acronychia can be distinguished from the majority of genera of the

Rutaceae in the Indo-Pacific region by its drupaceous fruit. Of the genera

that share this characteristic, Haljordia, Toddalia, Vepris, and Skimmia

differ in having alternate leaves; Phellodendron differs in having pinnately

compound leaves; and Bauerella, a segregate of Acronychia which I recog-

nize as being distinct, differs in having functionally unisexual flowers, val-

vate sepals, and persistent petals. Three species described from north-

west Malesia and adjacent mainland Asia, Acronychia obovata Merr., A.

oligophlebia Merr., and .4. ported Hook, f., also have drupaceous fruits

(although these occasionally dehisce loculicidally near the apex) but are

here considered distinct from Acronychia since they have functionally uni-

sexual flowers and seeds with crustaceous outer testa. Their correct gen-

eric placement is not clear; in several respects they seem closest to

Melicope.

Glycosmis, Micromclum. Murraya. and Clausena, all of the subfamily

Aurantioideae, 1 have fruits which superficially resemble those of some

acronychias. The leaves of these genera are alternate, however, and the

fruits baccate, lacking the cartilaginous or pergamentaceous endocarp of

Acronychia.

Although Melicope and Euodia are usually distinguishable from Acrony-

chia by their follicular fruits, both of the former genera also include cap-

sular-fruited species which have been confused with Acronychia. Species

now placed in the genus Evodiella have also been confused with Acronychia

because of their capsular fruits. Also, the type species of the closely re-

:

Malesia. See Jo

Arnold Arb. 47: 171-221. 1966; Ibid. 48: 46CM75. 1967; Ibia. w.
and Ibid. 51 : 423-426. 1970.

1 Acronychia was placed in the subfamily Toddalioideae by Engto

ship to Melicope, Euodia, Evodiella, and Medicosma.
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lated genus Medicosma was initially placed in Acronychia. The distin-

guishing characteristics of these four genera and Acronychia are given in

the following key.

Fruits drupaceous (the carpels completely connate or more or less separated to

the axis by septicidal fissures), not loculicidally dehiscent; seeds caruncu-

late; testa smoothish to finely tuberculate, muricate or rugose, bony; sta-

mens twice as many as petals; filaments without stalked glands, usually

densely ciliate toward the base and densely retrorse-pilose at about the

middle adaxially; flowers bisexual; petals valvate; indumentum of simple

trichomes Acronychia.

Fruits follicular or capsular, loculicidally dehiscent (at least apically) ;
seeds

ecarunculate ; testa smooth or smoothish, bony or with crustaceous outer

layer; stamens the same number or twice as many as petals; filaments

with or without stalked glands, densely ciliate, ciliolate or eciliate, glabrous

or loosely pubescent adaxially; flowers functionally unisexual or bisexual;

petals valvate or imbricate ; indumentum of simple or stellate trichomes.

Filaments densely ciliate toward the base, with abundant stalked glands

toward the apex; stamens twice as many as petals; flowers bisexual; petals

imbricate; outer testa crustaceous; indumentum of stellate trichomes.

Medicosma.

Filaments ciliolate or eciliate, without stalked glands; stamens the same num-

ber or twice as many as petals; flowers functionally unisexual or bi-

sexual; petals valvate or imbricate; testa bony or with crustaceous outer

Fruits capsular, locules inflated basally ; testa dull, smoothish, more or less

bony; filaments glabrous, geniculate; stamens the same number as

petals
;
petals imbricate ; indumentum of simple trichomes. Evodielk.

Fruits follicular or capsular, locules usually not inflated basally ;
testa shiny,

smooth, with crustaceous outer layer; filaments ciliolate or eciliolate,

loosely pubescent adaxially, geniculate

straight; star

esceni ac

as many as s petals; petals

imbricate or . of simple or stellate trichomes.

Stamens the same number Euodia.

Stamens twice as many as petals.
Melkope.

I have been able to collect and study in the field several of the New

Guinean species of Acronychia, mostly while employed with the Australian

Commonwealth Scientific and Industrial Research Organization Phyto-

chemical Survey of New Guinea, 1961-1965.- This study is otherwise

based on herbarium specimens. The contributing herbaria are listed be-

low, with abbreviations from Lanjouw and Stafleu's Index Herbariorum,

Part I. ed. 5 (Regnum Vegetabile, 31. 1964).

A Arnold Arboretum of Harvard University, Cambridge
ad State Herbarium of South Australia, Adelaide
bish Bernice P. Bishop Museum, Honolulu
bm British Museum (Natural History), London
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Queensland Herbarium, Brisbane

C.S.I.R.O. Herbarium Australiense. Canberra

Conservatoire et Jardin Botaniques. Geneve
Gray Herbarium of Harvard University, Cambridge

Royal Botanic Gardens, Kew
Rijksherbarium, Leiden

Department of Forests, Lae. Fapua New Guinea

National Herbarium of Victoria. Melbourne

National Herbarium of New South Wales. Sydney

New York Botanical Garden. New York
Museum National d'Histoire Naturelle. Faris

Botanical Department National Museum. Prague

Botanical Museum and Herbarium. Utrecht

Herbarium of the University of California. Berkeley

National Museum of Natural History (Departmer

w Naturhistorisches Museum, Wien

I wish to thank the directors and curators of these herbaria for making

specimens in their care available to me. Thanks are also extended to

B. P. M. Hyland, of the Commonwealth of Australia Forest Research In-

stitute, Atherton, Queensland, and A. G. Floyd, of the New South Wales

Forestry Commission station at Coffs Harbour, for their efforts in obtain-

ing additional material of some of the Australian species of Actonychia.

Acronychia
J. R. & G. Forst. Char. Gen. PI. ed. 1. t. 27. 1775 (cf. St.

John, 1971); Ibid. ed. 2. 1776. nom. cons. Type species: Acronychia

laevis J. R. & G. Forst.

(L.) Miq.].

Cunto Adans. Fam. PI. 2: 446. 1763. Type: Rheede. Hort. Malab. 5:

1685 [= Acronychia peduncuhita (L.) Miq.].

Jambolana Adans. Ibid. 508 = Jambolifera L.

Koelpinia Scop. Introd. Hist. Nat. 231 & index. 1777 = Cunto Adans.

Roclphihi Scop. Ibid. 231. sp/talm.

Cyminosma Gaertn. Fruct. 1: 280. 1788 = Jambolifera L.

Gela Lour. Fl. Cochinch. 232. 1790. Type species: Gela lanceolata

[= Acronychia pedunculata ( L. ) Miq.].

Laxmannia Schreb. Gen. 2: 800. 1791 = Jambolifera L.

Dorrienia Dennst. Schluess. Hort. Malab. 31. ISIS = Cunto Adans.

Selas Spreng. Syst. Veg. 2: 216. 1825 s Gela Lour.

Huonia Montros. Mem. Acad. Roy. Sci. Lyon. Sect. Sci. Ser. 2. 10: 185. U

Acronychia J. R. & G. Forst.

Pleiococca F. Muell. Frag. Phytogr. Austral. 9: 117. 1875. Type spi

Pleiococca wScoxkma F. M v:; "d (F
-
^Iue11 -)

Iey] -

* ^ n
Errerana O. Ktze. Rev. Gen. PI. 937. 1891 = Pleiococca F. Muell.
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Trees, shrubs or rarely climbers; branchlets terete to tetragonous; in-

dumentum of simple trichomes. Leaves opposite, trifoliolate or unifoliolate;

leaflets pellucid-dotted, entire, pinnately veined, articulate at the base.

Inflorescences axillary, paniculate, subcorymbose or reduced to one or a

few flowers. Flowers bisexual; sepals 4, distinct or connate basally, usually

imbricate, persistent or rarely deciduous; petals 4, distinct, valvate, white

to cream or yellowish, pellucid-dotted, narrowly triangular to sublanceolate,

becoming reflexed, deciduous or rarely semipersistent in fruit; stamens 8,

nearly as long as the petals, the antesepalous slightly longer than the

antepetalous, filaments flattened, gradually tapering from a rather broad

base to a subulate apex, usually densely ciliate toward the base and retrorse-

ly pilose at about the middle adaxially, gland dotted, becoming reflexed,

anthers 2-celled, ovoid to ellipsoid, obtuse or obtusely apiculate, basi-

fixed; disc intrastaminal, pulvinate, shallowly 8-lobed, persistent or obso-

lete in fruit; gynoecium a single, 4-carpellate, 4-loculate (rarely 4- to

8-carpellate and 4- to 8-loculate) pistil, at anthesis about one half the

length of the petals, ovary with or without septicidal fissures, placentation

axile, ovules superposed, 2 per locule, style twisted, about twice the length

of the ovary, stigma shallowly 4-lobed, otherwise scarcely differentiated

from the style. Fruit a 4-loculate (or rarely 4- to 8-loculate) drupe, with

or without septicidal fissures; epicarp 3 semifleshy, spongy-crustaceous or

woody when dry, with or without evident mesocarp; endocarp carti-

laginous to pergamentaceous. Seeds narrowly ellipsoid to subpyriform,

slightly bent, carunculate, 2 or occasionally (by abortion) 1 per locule;

testa bony, dull to rather shiny, smoothish to finely tuberculate, muricate

or rugose; endosperm fleshy; embryo straight or nearly so, ovate to sub-

elliptic, cotyledons flattened, hypocotyl terminal.

The name Act onychia was conserved and listed in the Vienna Code, but

only against the name Cunto Adanson (cf. Rickett & Stafleu, Taxon 8: 301.

1959). It should also be conserved against Jambolijera L., the type

species of which, /. pedunculata, is congeneric with Acronychia laevis, the

type species of Acronychia. I have submitted a proposal to this effect to the

International Bureau for Plant Taxonomy and Nomenclature, Committee

for Spermatophyta (Taxon, in press). .

Gela was previously placed in the synonymy of Acronychia by Merrill,

1935: 220.

i for placing Pleiococca in synonymy are given below, follow-

ing the description of Acronychia wilcoxiana.

Branchlets in the majority of the species vary in shape 4 from I
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subterete, the latter type usually bang more or less compressed and often

slightly grooved on the flattened surfaces. In three species, however, they

are more or less tetragonous: those of Acronychia abcrrans are sharply

tetragonous and concavely compressed in the internodes, and those of A.

murina and A. emarginata are usually slightly tetragonous, the angles

formed from decurrent petiole bases.

In the majority of species the color of the dried leaflets ranges from

medium- to dark-green to various shades of brown, often with consider-

able intraspecific variation. Four species deviate from this: the dried

leaflets of Acronychia ledermannii are pale green or greenish yellow when

mature, those of A. schistacca are a rather metallic blue-gray above and

olivaceous below, and those of A. papuana and A. impcrjorata are often

slightly blue-gray above, especially when young.

In the genus as a whole, leaflet venation tends to be prominent and to

have a characteristic reticulate appearance. The degree of prominence has

not proved to be useful as a taxonomic character, however, since it varies

considerably within species, probably with habitat, age of the leaves, and

method of drying.

Flower color also varies in most or possibly all of the species and ap-

pears to be of no taxonomic value.

Sepals are persistent in fruit in all of the species but one, Acronychia

macrocalyx.

Petals are typically deciduous in the genus, but in a few species—
Acronychia parviflora, A. brassii, A. pubcscens. A. dimorphocalyx, and A.

acronychioides — they are semipersistent, i.e.. they usually remain on the

mature fruit but are easily removed.

The petals of Acronychia erassipetala are obviously fleshy and in dried

state are about 0.7 mm. thick near the apex. In the other species of the

genus they are consistently much thinner.

The staminal filaments are typically ciliate toward the base and re-

trorsely pilose at about the middle adaxially. There is considerable

variation in the genus, however, and for the most part it correlates with

flower size: the filaments of the larger flowers tend to be densely ciliate

toward the base and densely retrorse-pilose adaxially. while those of the

smaller flowers tend to be ciliolate toward the base or rarely eciliate and

sparsely pubescent or rarely glabrous adaxially.
5

The ovary and fruit are consistently four-carpellate in all of the species

except Acronychia wilcoxiana, which varies from four- to eight-carpellate.

The ovary is typically globose or subglobose in the genus but varies to

subcylindric in Acronychia crussipctala to ellipsoid in .1. murina.

The fruit varies, in dry condition, from a type with entirely semifleshy

epicarp (about the texture of a raisin) and no evident mesocarp to types

with spongy-crustaceous or woody mesocarp. The latter two types may or

may not have semifleshy exocarp.
5
Descriptions of surface features of staminal filaments have been °mitte

^Jj°™
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Figure 1. Fruit types in Act onychia, a, the
]

fissures extending for more than one half the lengtl

primitive type; c, d, the derived type lacking septicidal fissures.

The surface of the fruit, apart from whether or not it is dissected by sep-

ticidal fissures, is smooth or only slightly roughened by oil glands in all hu

four of the species: it is fissured in Anonychia goniocarpa, roughened ana

often constricted and/or fissured in A. vestita, wrinkled in A. rugosa, an

pitted in A. joveata.

The disc is generally obsolete in fruit but persists ;

i short stipe in A.
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The testa is unusually thick and longitudinally wrinkled in Acnmychia

baeuerlenii and A. aberrans. In the remaining species it varies, often

within species, from smoothish to finely tuberculate to muricate.

The septicidal fissures which occur in the ovary and fruit of many of the

species of Acronychia appear to be vestigial and therefore may provide a

clue to the phylogeny of the genus. Evidence for the vestigial nature of

these fissures is that in a number of species they are represented only by

small, apical slits or indentations, and also that they seem to be of no

adaptive value. It is assumed that in the primitive condition the septicidal

fissures extend from the apex to the base of the ovary and fruit, separating

the carpels to the central axis, and that in the derived condition the

ovary and fruit completely lack septicidal fissures, thus having completely

connate carpels. 6 These fruit types are illustrated in Figure 1.

The texture of the epicarp appears to correlate, to some extent, with the

amount of separation of the carpels by septicidal fissures and therefore

may also be of phylogenetic significance. It seems most likely that the

entirely semifleshy type represents a primitive condition from which the

spongy-crustaceous and finally the woody types were derived. Evidence

for this is that the semifleshy type predominates in those species that ap-

pear to be the most primitive on the basis of septicidal fissures whereas the

woody type is found only in species that appear to be advanced in this

It should be pointed out, however, that epicarp texture is probably an

adaptive characteristic since the different types would almost certainly

attract different species of animals and therefore would be subject to

selection in seed dispersal. This could result in the supposed trend of

semifleshy to woody being reversed.

In the following outline the species are divided into groups based pri-

marily on the amount of separation of carpels by septicidal fissures and

secondarily on the texture of the epicarp. Australian species are indicated

by an asterisk.

Group I. Septicidal fissures extending to at least one half the length of the

hout evident mesocarp.

. chooreechillum

8 The main trend in most of the genera of the Rutaceae with subapocarpous s

r example, Euodia, Melicope, and Zonthoxylum) seems to be
:

in the °PP0Slte

i, from a syncarpous condition to subapocarpous, evidenced by the lact
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Group lb. Epicarp drying with spongy-crustaceoi

Group Ha. Entire epicarp drying semifleshy;

mesocarp.

*6. A. oblongifolia

Epicarp drying with spongy-crustaceous i

8. A. goniocarpa

9. A, rugosa

30. A. intermedia

Group III. Septicidal fissures apical or lacking.

Group Ilia. Entire epicarp drying

*10. A. parviflora
*11. A. laevis (also in Lord Howe Island &

New Caledonia)

12. A. murina

13. A. emarginata

14. A. schistacea

15. A. papuana
16. A. arjakensis

18. A. kaindiensis

19. A. normanbiensis

20. A. brassii

*22. A. acidula (with some spongy-crustaceous

25. A. smithii

32. A. carrii

33. A. pullei

34. A. gurukorensis

35. A. macrocalyx
36. A. dimorphocalyx
37c. A. trifoliolata var. microcarpa

Group IHb. Epicarp drying with spongy-crustaceous mesocarp.
26. A. foveata (mesocarp grading to sub-

27. A. cartilaginea

37b. A. trifoliolata var. ampla
38. A. reticulata

39. A. ledermannii
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Group IIIc. Epicarp drying with woody or subwoody mesocarp.

*24. A. vestita

37a. A. trifoliolata var. trijoliolata

*40. A. acronychioides

*41. A. imperforates

42. .4. pedunculata

From the above it is evident that the largest number of apparently

primitive species exist in Australia. It seems probable, therefore, that New
Guinea was initially colonized by Australian species 7 and that subsequent

radiation has resulted in the comparatively large number of species on
that island. Adaptive radiation appears still to be going on in New Guinea,

especially in the species of Group Ilia. Most of the Australian species, on
the other hand, appear to occur as relic populations,8 probably as a result

of the contraction and fragmentation of rain forest areas that is thought to

have been going on there since the Tertiary (cf. Darlington, 1965: 100).

The numbers preceding the species in the above outline correspond with
the arrangement of species in the body of the revision. That arrangement
differs considerably from the sequence of species in the outline since the

former is based on the assumption that there are four more or less in-

dependent lines of evolution in Acronychia (listed below). That these

evolutionary lines appear to be independent is certainly the result of

extinction of ancestral species. I know of no evidence that Acronychia is

polyphyletic.

Evolutionary Line I

Species 1 (A. suberosa) through species 3 (A. crassipetala)

.

Evolutionary Line II

Species 4 {A. baeuerlenii) through species 20 (A. laevis).

Evolutionary Line III

Species 21 (A. wilcoxiana) through species 27 (A. cartilaginea)

.

Evolutionary Line IV
Species 28 (.4. pubescens) through species 42 (A. pedunculata).

To my knowledge, chromosome counts have been published for only

two species, Acronychia oblongifolia and A. pedunculata. In the former,

according to Smith-White (1954: 295, 298), In = 36, and in the latter,

according to Mehra and Khosla (Taxon 18: 215. 1969), « = 18. Smith-

White published his count for A. laevis, but since the material was col-

lected at Ourimbah, between Newcastle and Sydney, New South Wales,

it is almost certainly A. oblongifolia (see Maps 2 and 4).

vel that occurred during that peri

: originated from extra-Australian



JOURNAL OF THE ARNOLD ARBORETUM

Key to the Species

(based on flowering material 9
)

Leaves unifoliolate (rarely with occasional trifoliolate leaves) 2.

2. Petioles of younger leaves glabrous or glabrate 3.

3. Larger inflorescences not more than 2 cm. long 4.

4. Leaflets acuminate at the apex, the acumen 1.5-2 cm. long; flowers

4 mm. long, ovary pubescent at the apex, otherwise glabrous, with
septicidal fissures 10 extending to about one third the length.

Leaflets

5. Ovary densely pubescent at the apex, otherwise glabrous; leaf-

lets 7-13 cm. long; flowers 8.5-9 mm. long; petals puberulent
abaxially 26. A. foveata.

5. Ovary entirely glabrous or with a few hairs around the base
of the style; leaflets 1.4-15 cm. long; flowers 3-6.5 mm. long;

petals glabrous to puberulent abaxially 6.

6. Flowers 5-6.5 mm. long; ovary with septicidal fissures ex-

tending to at least one half the length. . 5. A. pauciflora.

6. Flowers 3-6 mm. long; septicidal fissures, if present, only
at the apex of the ovary 7.

7. Leaflets 3-15 cm. long, usually oblanceolate and often

more than three times as long as wide, usually cuneate
at the base and acuminate at the apex. . . 20. A. brassii.

Leaflets 1.4-9.5 cm. long, elliptic-oblong to ovate
suborbicular, usuallv 1,;ss than three times as long as

8. Leaflets coria< elliptic to obovate to suborbicu-

lar, 1.4-3 cm. ) obtuse to rounded at the

16. A. arfakensis.

8. Leaflets chartaceoi subcoriaceous, elliptic,

elliptic-oblong 2.5-9.5 cm. long, acu-

Flowers 3-3.5 iedicels puberulent, 0.5-1

mm. long; leaflets chartaceous to subcoriaceous,

3.3-9.5 cm .long
;
Inflow^scences 0.6-0.8 cm. long.

10. A. parviflora.

Flowers about '• pedicels glabrous, 2-3.5

lt.-V.let:s subcoriaceous, 2.5-6 cm. long;

inflorescences 0.7-1.3 en
Larger inflorescences more than 2 cm
9. Internodes

I of younger branchlets concavely compressed, tetra-

gonous.
23. A. aberrans.

9. Internodes of younger bran
subtetragonous.

.

chlets terete to slightly compressed or

Petioles 0.2-0.5 cm. long; leaflets coriaceous, broadly elliptic

to suborbicular, 3.5-7 cm. long; ovary entirely pubescent.

19. A. normanbiensis.

>t known for species 8 and 9, A. goniocarpa and A. rugosa.
ires are generally not evident in dried flowers without boiling.
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i. Petioles usually longer; leaflets variable in shape but not sub-

orbicular 11.

11. Ovary entirely pubescent or, rarely, pubescent only at

the apex; disc pubescent or glabrous; inflorescences often

more than 10 cm. long 42. A. pedunculata.

11. Ovary entirely glabrous or pubescent only at the apex;

disc glabrous; inflorescences less than 10 cm. long 12.

12. Septicidal fissures extending for at least one third the

length of the ovary 13.

13. Flowers 5-7 mm. long; ovary densely ascending-

pubescent at the apex, otherwise glabrous, with

septicidal fissures extending to one third to one

half the length; leaflets usually narrowly elliptic

to oblanceolate, 4-12 cm. long

6. A. oblongifolia.

13. Flowers 8.5-16 mm. long 14.

sepals 0.6-1 mm. long, 1.4-2 mm. wide;

14. Leaflets chartaceous to subcoriaceous, 5.5-

21 cm. long; flowers 8.5-16 mm. long; pedi-

cels 0.5-7 mm. long; sepals more than 1

mm. long and usually more than 2 mm.
wide; petals puberulent or glabrous abaxi-

ally 15.

15. Petals obviously fleshy, in dry condi-

15. Petals not as obviously fleshy, in dry

condition much thinner near the apex.

Inflorescences usually many-flowered;

flowers 8.5-10 mm. long; pedicels

0.5-3 mm. long; petals glabrous;

ovary 4- to 8-carpellate.

21. A. wilcoxiana.

Inflorescences few-flowered; flowers

12-16 mm. long; pedicels 3-7

mm. long; petals glabrous to pu-

berulent abaxially; ovary 4-carpel-

late 31. ^4. montana.

Septicidal fissures present only at the apex of the

ovary, if at all
*°-

16. Petioles 2-7 cm. long; leaflets 8-23.5 cm. long,

4.3-12 cm. wide, base broadly rounded to acute

or occasionally cuneate; flowers about 9.5 mm.

long; pedicels 2-2.5 mm. long. 22. .4. acidula.^

16. Petioles 0.3-3.2 cm. long; leaflets 2.3-12 cm.

in™ 1_<; ^ rm wide base narrowly rounded to
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17. Ovary ellipsoid; disc at anthesis 0.6-1

lets often more or less tetragonous, the

angles formed by narrow ridges or very thin

wings of decurrent petiole bases; petals

often puberulent abaxially; pedicels 3-12

mm. long; sepals 0.5-1.5 mm. long, 0.8-1.9

mm. wide 12. A. murina.

17. Ovary globose or subglobose in outline;

disc at anthesis 0.2-0.5 mm. high; inter-

nodes of younger branchlets terete or

slightly compressed, petiole bases not de-

glabrous abaxially.

Sepals 0.7-1.3 mm. wide; pedicels 3.5-13

Sepals 1.5-2.5 mm. wide; pedicels 1.5-4.5

mm. long 41. A. imperforata.
Petioles of younger leaves pubescent or puberulent, at least adaxially. 18.

18. Larger inflorescences not more than 3 cm. long 19.

19. Ovary entirely pubescent.

Inflorescences about 9-flowered; flowers 3.5-4 mm. long; sepals

0.8 mm. long 17. A. similaris.

Inflorescences 1- to 3-flowered; flowers 7-8.5 mm. long; sepals

1-1.4 mm. long 18. 4. kaindiensis.

19. Ovary entirely glabrous or pubescent only at the apex 20.

20. Flowers 5-9 mm. long; leaflets 2-9.5 cm. long.

Ovary with septicidal fissures extending for at least one half

its length; leaflets usually obovate or oblanceolate.

5. A. pauciflora.

Ovary without septicidal fissures; leaflets elliptic to elliptic-

oblong 14. A. schistacea.

20. Flowers 3-4.5 mm. long; leaflets 3-15 cm. long.

Flowers 3.5-4.5 mm. long; pedicels 1-2 mm. long; leaflets

subcoriaceous to coriaceous, 3-15 cm. long, usually

oblanceolate and often more than three times as long

as wide; shrub to 3 m 20. A. brassii.

Flowers 3-3.5 mm. long; pedicels 0.5-1 mm. long; leaflets

chartaceous to subcoriaceous, 3.3-9.5 cm. long, elliptic

three times as long as wide; 'shrub or small tree to 8 m.

10. A. parviflora.

18. Larger inflorescences more than 3 cm. long 21.

21. Septicidal fissures extending for about one half the length of

the ovary 28. A. pubescens.

21. Septicidal fissures present only at the apex of the ovary, if at

22. Petioles puberulent to finely pubescent; leaflets glabrous;

inflorescences often more than 8 cm. long; disc often pubes-

cent
; ovary usually pubescent throughout

42. A. pedunculate.
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22. Petioles finely pubescent to tomentose; leaflets at least

sparsely pubescent on the veins below; inflorescences less

than 8 cm. long; disc glabrous.

Leaflets subcoriaceous ; flowers about 9 mm. long; pedicels

5-10 mm. long; sepals densely pubescent, about 2 mm.
long; ovary pubescent throughout

27. A. cartilagmea.

Leaflets chartaceous; flowers 6.5-8 mm. long; pedicels 3-4.5

mm. long; sepals glabrous, 0.6-0.7 mm. long; ovary

densely pubescent at the apex, otherwise glabrous.

24. A. vestita.

Leaves trifoliolate (often with occasional unifoliolate leaves) 23.

23. Sepals 4-5 mm. long.

Leaflets elliptic-oblong to narrowly oblanceolate, 3.5-5.5 cm. wide; outer

pair of sepals 4 mm. long and 4.5 mm. wide, inner pair 3.5 mm.
long and 2.5 mm. wide; ovary pubescent throughout

36. A. dimorpho calyx.

Leaflets elliptic, 5-8.5 cm. wide; outer pair of sepals 4.5-5 mm. long, 4-5

mm. wide, inner pair only slightly smaller; ovary pubescent at the

apex, otherwise glabrous 35. A. macrocalyx.

23. Sepals not more than 3 mm. long. 24.

24. Flowers 3.5-4.5 mm. long; leaflets 0.7-2.8 cm. wide; internodes of

younger branchlets often subtetragonous, the angles formed from

narrow ridges or very thin wings of decurrent petiole bases.

13. A. emarginata.

24. Flowers 4.5-17 mm. long; leaflets usually more than 3 cm. wide;

internodes of younger branchlets terete or more or less compressed,

petiole bases not decurrent into narrow ridges or wings 25.

25. Septicidal fissures extending for at least one third the length

of the ovary 26.

26. Sepals tomentose ; leaflets usually pubescent below, at least

on the veins 28. A. pubescens.

26. Sepals glabrous to finely pubescent; leaflets glabrous. 27.

27. Ovary pubescent throughout; leaflets 7.5-15 cm. long;

flowers 6.5-7 mm. long 29. A. wabagensis.

27. Ovary glabrous throughout or pubescent only at the

28. Flowers 15-17 mm. long; leaflets 8-19 cm. long.

30. A. intermedia.

28. Flowers 6.5-10 mm. long; leaflets 3.5-11.5 cm.

Flowers 8-10 mm. long; sepals 2.8-3 mm. long;

petals glabrous adaxially; petioles of younger

leaves puberulent, at least adaxially; upper

branches of inflorescences puberulent; leaf-

lets usually oblanceolate I. A. suberosa.

Flowers 6.5-8.5 mm. long; sepals 1.2-1.4 mm.

long; petals rather densely pubescent adaxi-

ally; petioles and branches of inflorescences

glabrous; leaflets usually elliptic or obovate.

2. A. chooreechillum.
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5. Septicidal fissures, if present, not extending more than one third

the length of the ovary 29.

29. Younger leaflets densely pubescent on the midrib below;

younger branchlets and petioles of younger leaves densely

pubescent to tomentose 38. A. reticulata.

29. Younger leaflets glabrous 30.

30. Ovary and style entirely glabrous; pedicels 4-13 mm.

long; flowers 9-13 mm. long; inflorescences usually

many-flowered, 4.5-8.5 cm. long S3. A. pullei.

30. Ovary and/or style at least partially pubescent; pedi-

cels 1-7.5 mm. long 31.

31. Flowers 9-14 mm. long; sepals 0.7-3 mm. long.

32. Sepals 0.7-1.5 mm. long; leaflets drying dark

reddish brown when young, pale green or

yellowish green when older; inflorescences

few-flowered, 4-10 cm. long; ovary sparsely

pubescent at the apex, otherwise glabrous.

32. Sepals 1.5-3 mm. long; leaflets drying more

or less uniformly medium- or dark-green or

33. Ovary glabrous throughout.

33. Ovary pubescent throughout or densely

pubescent in the apical one third to one

half.

Petals densely appressed-pubescent ab-

axially; inflorescences few-flowered,

1.5-5 cm. long . 25. ^4. smithii.

Petals glabrous abaxially; inflorescences

usually many-flowered, 3-9 cm.

long 40. A. acronychioides.

Flowers 4.5-9 mm. long; sepals 0.3-1.5 mm. long.

Inflorescences 1- to few-flowered, 2.5-4 cm. long;

flowers 7-8 mm. long; petals glabrous abaxi-

ally; disc glabrous; ovary pubescent through-

out; leaflets chartaceous

;: .!

Inflorescences few- to many-flowered, 2-9 cm.

long; flowers 4.5-9 cm. long; petals glabrous

to pubescent abaxially; disc glabrous to

pubescent; ovary pubescent throughout or

only at the apex; leaflets chartaceous to sub-

37. A. trijoliolata.
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3. Larger infructescences less than 2 cm. long 4.

4. Fruits broadly ovoid, about 12 mm. wide, heavily pitted; epicarp

drying 2-3 mm. thick, with spongy-crustaceous or subwoody meso-
carp; leaflets 7-13 cm. long 26. A. joveata.

4. Fruits ellipsoid or subglobose, 6-10 mm. wide, not heavily pitted;

epicarp drying much thinner; leaflets 1.4-15 cm. long 5.

5. Fruits depressed at the apex, with narrow septicidal fissures

extending for at least one half their length. 5. A. panciflora.

5. Fruits rounded to apiculate at the apex, septicidal fissures pres-

ent only at the apex, if at all 6.

6. Leaflets 3-15 cm. long, usually oblanceolate and often more

». A. arfakensis.

7. Leaflets chartaceous to subcoriaceous, ellipti

oblong or ovate, 2.5-9.5 cm. long, acuminate at the apex.

Leaflets chartaceous to subcoriaceous, 3.3-9.5 cm. long;

infructescences, not including the lengths of the

fruits, 0.5-1 cm. long; pedicels puberulent, 0.5-1

mm. long; fruits about 7 mm. wide with semipersis-

tent petals 10. A. parviflora.

Leaflets subcoriaceous, 2.5-6 cm. long; infructescences,

not including the lengths of the fruits, 0.7-1.5 cm.

long; pedicels glabrous, 2-3.5 mm. long; fruits about

6 mm. wide, without semipersistent petals.

irger infructescences more than 2 cm. long 8.

Internodes of younger branchlets concavely compressed, tetrago-

nous; fruits 13-18 mm. wide 23. A. aberrans.

Internodes of younger branchlets terete to slightly compressed or

subtetragonous ; fruits 5-15 mm. wide 9.

9. Petioles 0.2-0.5 cm. long; leaflets coriaceous, broadly elliptic to

suborbicular, 3.5-7 cm. long 19. A. normanbiensis

.

9. Petioles usually longer; leaflets variable in shape, but not

suborbicular 10-

10. Fruits usually pubescent throughout and with a ring of

dense, appressed hairs at the base, occasionally glabrous

throughout or pubescent only at the apex; epicarp drying

with hard, more or less woody mesocarp; infructescences

often more than 10 cm. long 42. A. pedunculata.

10. Fruits glabrous throughout or pubescent only at the apex;

drying semifleshy, spongy-crustaceous, or woody; infruc-

tescences less than 10 cm. long H-

11. Leaflets acuminate at the apex, the acumen 1.5-2 cm.

long; fruits sparsely pubescent at the apex, otherwise

glabrous, with septicidal fissures extending for about

one third the length, 10 mm. wide; epicarp drying thin
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and semifleshy, without evident mesoc;

12. Fruits with a ring of dense pubescence around the

base of the dehisced style, 6-8 mm. wide, with

inconspicuous septicidal fissures extending for

not more than one half the length ; leaflets usually

narrowly elliptic to oblanceolate, 4-12 cm. long.

6. A. oblongijolia.

12. Fruits glabrous throughout or with a very few

hairs at the apex, or if more densely pubescent

apically, then larger and with conspicuous septi-

cidal fissures 13.

13. Fruits 10-14 mm. wide, without septicidal

fissures 22. A. acidnla.

13. Fruits smaller, or if as large, then with septi-

Epicarp drying with w
41.

Epicarp drying thin ar

with spongy-crustaceous

15. Septicidal fissures i

Epicarp drying thin (less than

0.5 mm. thick) and semifleshy.

Fruits 4-carpellate, about 9

mm. wide, with narrow,

inconspicuous septicidal

fissures; leaflets 6-11 cm.

long; pedicels 4-9 mm.

long; sepals about 1 mm.

ous septicidal

leaflets 7-21 c

pedicels 0.5-3 n

Epicarp drying 0.5-1.5 mm.

thick, with spongy-crustaceous

mesocarp.

Fruits strongly depressed at

apex ; septicidal fis-
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the length of the fruit.

17. Epicarp drying 1

thick, with spongy-c

mesocarp; leaflets 5.5-16 cm.

mesocarp; leaflets 2.3-9.5 cm.

long.

Fruits mitriform to subglobose,

estipitate, apex usually de-

pressed; internodes of

younger branchlets terete,

petiole bases not decur-

nodes of younger branch-

lets often more or less

tetragonous, the angles

formed by narrow ridges

2. Petioles of younger leaves pubescent or puberulent, at lea--

18. Larger infructescences not more than 3 cm. long

19. Fruits pubescent (though often sparsely) throughout.

Fruits subglobose, about 6 mm. wide; sepals 0.8 mm. long.
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petals. .

ger infructescences more than 3 cm. long 22.

Fruits with semipersistent petals; septicidal fissures extending

Fruits without semipersistent petals; septicidal fissures, if pre-

sent, only at the apex of the fruit 23.

23. Petioles puberulent to finely pubescent; leaflets glabrous;

infructescences often more than 10 cm. long

42. A. pediinculata.

23. Petioles sparsely pubescent to tomentose; leaflets pubescent

below, at least on the veins;

Leaflets chartaceous; fruits entirely

only at the apex, pyriform to :

roughened and often deeply and irregularly <

and/or fissured ; epicarp drying 1-2 mm. thick

Leaflets subcoriaceous ; fruits pubescent (though sparsely

and minutely) throughout, broadly ellipsoid, not ir-

regularly roughened or constricted or fissured; epicarp

drying about O.S mm. thick 27. ^4. cartilaginea.

Leaves trifoliolate (often with occasional unifoliolate leaves) 24.

24. Fruits with septicidal fissures and also deeply and irregularly fissured or

Pedicels 10-18 mm. long; fruits ellipsoid to pyriform in outline, 8-11

mm. wide 8. A. goniocarpa.

Pedicels 3-4.5 mm. long; fruits subglobose in outline, about 5 mm.

sures, not otherwise fissured

• deciduous in mature fruit ; frui

flets elliptic, 5-8.5 cm wide ; sepals and petals deciduous in

35. A. macrocalyx.

flets elhptic-oblong to narrow]y oblanceolate, 3.5-5.5 cm. wide;

sepals persistent and petals semipersistent in fruit

Sepals not more than

Septicidal fissures extending for at least one third the length of

the fruit 27.

27. Sepals tomentose; leaflets usually pubescent below, at least

on the veins 28. A. pubescens.

27. Sepals glabrous to finely pubescent; leaflets glabrous. 28.

28. Fruits pubescent (though rather sparsely) through-
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out, with septicidal fissures extending nearly to the

base; leaflets 7.5-15 cm. long. 3-6.3 cm. wide

29. A. wabagensis.

28. Fruits entirely glabrous or pubescent only at the apex.

29.

29. Leaflets 8-19 cm. long; septicidal fissures extend-

ing for about one half the length of the fruit; epi-

carp drying about 2 mm. thick, with spongy-

crustaceous mesocarp 30. A. intermedia.

29. Leaflets 3.5-8.5 (-11.5) cm. long; epicarp drying

about 0.5 mm. thick or less.

Petioles of younger leaves puberulent, at least

adaxially; branches of inflorescences puberu-

lent; petals semipersistent in fruit; septici-

dal fissures extending to the base of the fruit;

leaflets usually oblanceolate. 1. A. suberosa.

Petioles and branches of inflorescences glabrous;

petals deciduous in fruit; septicidal fissures

extending for about one half the length of

the fruit; leaflets usually elliptic or obovate.

2. A. ckoort

Septicidal fissures, if present, not extending for more than one
third the length of the fruit 30.

30. Younger leaflets pubescent on the veins below; younger

branchlets and petioles of younger leaves densely pubescent

to tomentose; fruits subglobose, 12-16 mm. wide; epicarp

drying 2-3 mm. thick, with spongy-crustaceous mesocarp.

30. Younger leaflets glabrous 31.

31. Fruits about 20 mm. wide; epicarp drying thin (less

than 0.5 mm. thick) and semifleshy

34. A. guru

31. Fruits smaller, or if as large, then with epicarp drying

32. Epicarp drying thin (less thai

Pedicels to about 14 mm. long; sepals 1-1.5

mm. long; leaflets subcoriaceous to

coriaceous, 5.5-20 cm. long

33. A. pttllei.

Pedicels to about 4 mm. long; sepals 2 mm.

long; leaflets subcoriaceous, 4-11.5 cm.

long 32. A. carrii.

Fruits 4-6 mm. wide; sepals 0.3-0.8 mm.

long; leaflets chartaceous to subcoriaceous,

Leaflets
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younger branchlets often subtetragon-

ous, the angles formed from narrow

ridges or very thin wings of decurrent

petiole bases

Leaflets 2.3-6 cm. wi

younger branchlets terete or slightly

compressed, petiole bases not decurrent

into narrow ridges or wings

37. A. trifoliolata.

32. Epicarp drying thicker, with or without spongy

-

aody mesocarp; fruits 5-23 mm.

i
2-5 cm. long

Fruits 8-11 mm. wide, subpyriform or occa-

sionally subglobose; mesocarp drying

woody; infructescences 3-9 cm. long.

40. A. acronychioides.

Sepals 0.7-1.5 mm. long; fruits 5-23 mm.
wide; epicarp drying 0.5-4 mm. thick, with

woody or spongy-crustaceous mesocarp.

Leaflets drying more or less uniformly dark-

to medium-green, brown or blackish;

pedicels 0.5-7 mm. long; fruits 5-18

mm. wide; epicarp drying 0.3-4 mm.

thick, with woody or spongy-crustaceous

mesocarp 37. A. trifoliolata.

Leaflets drying dark reddish brown when

young, pale green or yellowish green

when older; pedicels 1-3 mm. long;

fruits 12-23 mm. wide; epicarp drying

about 4 mm. thick, with spongy-crusta-

ceous mesocarp. . . . 39. A. ledermannu.

1. Acronychia suberosa C. T. White. Proc. Roy. Soc. Queensl. 43: 47.

1932. Lectotype: Tryon & White, January, 1921, Queensland,

Moreton District. Lamington National Park.

Small to medium tree to about 20 m.; younger branchlets finely pubes-

cent to glabrate. Leaves trifoliolate (occasional leaves unifoliolate)

;

petiole puberulent, at least adaxially. becoming glabrous and cracking

transversely with age, 1-4.5 cm. long; leaflets subcoriaceous to coriaceous,

glabrous, oblanceolate or occasionally elliptic to elliptic-oblong 3.5-8.5 cm.

long, 0.9-3 cm. wide, base cuneat
7-9 on each side of the midrib, apex obtuse 1



1974] HARTLEY. ACROXVCHIA (RUTACEAE) 4S9

cm. long. Inflorescences few-flowered, 1.8-3.5 cm. long, axes and branches
puberulent to glabrate. Flowers 8-10 mm. long; pedicels puberulent to

finely pubescent, 1-3.5 mm. long; sepals glabrate to finely pubescent,
broadly elliptic to suborbicular. 2.8 3 mm. long, 2.5-2.7 mm. wide; petals

sparsely appressed-pubescent abaxially, glabrous adaxially, semipersistent
in fruit; disc glabrous, 0.5-1 mm. high, 2.3-3 mm. wide; ovary sparsely

pubescent at the apex, otherwise glabrous, with septicidal fissures extend-
ing to the base; style pubescent toward the base, otherwise glabrous.
Fruits creamy yellow to whitish, drying reddish brown or blackish, sparsely

pubescent at the apex, otherwise glabrous, with septicidal fissures extend-
ing to the base, subglobose to ellipsoid, 10-12 mm. wide, base rounded,
apex rounded to obtuse; epicarp drying less than 0.5 mm. thick, semitleshy
to soft-spongy, without evident mesocarp; endocarp subcartilaginous. Seeds
reddish brown to blackish, about 4 mm. long.

Distribution. Extreme southeast Queensland and adjacent New South
Wales; primary and secondary rain forests and borders, 200-1000 meters.

Queensland. Moreton District: Lamington National Park, Fraser, April 18,

1053 (nsw 127092). Shirley, May. 1918 (nsw 127093). Smith & Webb 3599
(canb), Tryon & White, January, 1921 (bri. lectotype; a, k. isotypes). T. & J.

Whaite 3030 (nsw), White 12082 (bri); Springbrook, Carroll 1194 (nsw), Gov
& Smith 190 (a. bri), White 6270 (bri), 7055 (bri). New South Wales. Gibber-
agunyah, Jones 3429 (canb); near Kyogle. Jones. June, 1943 (bri. nsw) ; Whian
Vvhian State Forest, Constable, January 14, 1953 (a, nsw 22352). Johnson &
Hayes, June 10, 1957 (nsw 127094). Jones 2708 (canb). April 23, 1945 (nsw),
Jones (leg. Tracey) 950 (canb), Webb & Tracey, 1953-1958 (bri, canb),
Webb & White 2135 (bri).

The epithet suberosa refers to the corky outer bark of this plant. The
diagnostic value of this feature is difficult to assess since bark characteris-

tics are so seldom noted on herbarium labels of collections of Acronychia.
A narrow endemic of southeast Queensland and adjacent New South

Wales. Acronychia suberosa appears to be closely related to A. chooree-

chillum, an endemic of northeast Queensland. The latter species is prob-
ably the more advanced of the two, having less separation of the carpels

by septicidal fissures.

The lectotype is one of two collections (the other being White 6270)
cited in the original description.

2. Acronychia chooreechillum (F. M. Bailey) C. T. White. Contr.

Arnold Arb. Harvard Univ. No. 4: 49. 1933.

Melicope chooreechillum F. M. Bailey, Report Govt. Sci. Exped. Bellenden

Ker Range 33. 1889. Type: Bellenden Ker Expedition, 1889. Queensland,

Cook District, Mt. Bartle Frere.

Shrub or small tree to about 12m.; branchlets glabrous. Leaves trifolio-

late (or occasional or rather frequent leaves unifoliolate) ;
petiole glabrous,
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1.5-6 cm. long; leaflets coriaceous or occasionally subcoriaceous, glabrous,

elliptic to obovate to oblanceolate, 4-7.5 (-11.5) cm. long, 1.6-3.5 (-5.8)

cm. wide, base cuneate to attenuate, main veins 7-10 on each side of the

midrib, apex rounded to obtuse or occasionally obtusely acuminate, the

acumen to 0.4 cm. long. Inflorescences few-flowered, 2.5-6 cm. long, axes

and branches glabrous. Flowers 6.5-8.5 mm. long; pedicels glabrous,

1.5-5 mm. long; sepals glabrous, broadly rounded, 1.2-1.4 mm. long,

1.3-2 mm. wide; petals glabrous abaxially, rather densely pubescent ad-

axially; disc glabrous, 0.4 mm. high, 1.3-2 mm. wide; ovary glabrous

throughout or with a few hairs at the base of the style, with septicidal fis-

sures extending for about one half the length; style with spreading or

ascending pubescence toward the base, otherwise glabrous. Fruits drying

greenish brown, glabrous throughout or with a few hairs at the apex, with

septicidal fissures extending for about one half the length, elliptic in out-

line, usually 4-angled, 7-10 mm. wide, base rounded, apex acute; epicarp

drying less than 0.5 mm. thick, semifleshy, without evident mesocarp;

endocarp pergamentaceous. Seeds reddish black, about 4 mm. long.

Distribution. Thornton Peak south to Mt. Bartle Frere, Cook District,

Queensland; usually in stunted rain forests on mountain summits, 1200-

1600 meters.

Queensland. Cook District: Thornton Peak, Brass 2296 (a, bish, bri), Brass

& White 205 (bri), Olsen 400 (bri, nsw) ; Mt. Alexander (Alexandra), Dain-

tree River, Kajewski 1491 (a, bri, ny) ; Mt. Spurgeon, White 10668 (a, bm, bri),

10714 (a, bri); Mt. Bellenden Ker, Sayer, 1887 (bri, mel), Smith 14619 (bri),

14661a (bri); Mt. Bartle Frere, Bellenden Ker Expedition, 1889 (bri, holotype

of Melicope chooreechillum F. M. Bailey; k, isotype), Johnson, November,

1891 (mel), Martin & Hyland t877 (m . Searth-Johnson

121(33) (K).

The epithet chooreechillum is derived from an aboriginal name for Mt.

Bartle Frere.

A collection from Mt. Spurgeon, White 10714, has unusually large

leaflets up to 11.5 cm. long and 5.8 cm. wide. A second White collection

from the same mountain, 10668, is more or less intermediate with typical

A. chooreechillum, however, indicating that there is clinal variation in this

species between tall rain forest and stunted rain forest of mountain summit

3. Acronychia crassipetala Hartley, sp. nov.

Arbor parva; ramulis glabris; foliis unifoliolatis
;
petiolo glabro, 0.9-2.5

cm. longo; foliolo subcoriaceo, glabro, elliptico vel elliptico-oblongo,

6.3-9.5 cm. longo, 2.5-5.3 cm. lato, basi acuto vel cuneato, venis primariis

utrinsecus costa 8-11, apice subacuto vel obtuse acuminato, acumine

usque ca. 0.5 cm. longo; inflorescentiis paucifloris, ca. 3 cm. longis, axi et

ramulis glabris vel puberulis; floribus ca. 11 mm. longis, pedicellis puberu-
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lis, ca. 2 mm. longis; sepalis glabratis, rotundatis, 1.9-2.8 mm. longis,

2.2-2.8 mm. latis; petalis crasse carnosis prope apicem ca. 0.7 mm. crassis,

basin versus abaxialiter puberulis. adaxialiter subtiliter adpresse pubes-

centibus; disco glabro, 0.6 mm. alto, 2.2 mm. lato; ovario apice sparse

pubescenti, aliter glabro. subcylindrico. fissuris septicidalibus fere ad basin

extensis; stylo basin versus patulo-pubescenti, aliter glabro; fructibus in

sicco rubiginosis. idabris. fissuris septicidalibus latis saltern 1/2 longitudine

extensis, ambitu subglobosis, valde 4-lobatis, ca. 10 mm. latis, basi trun-

catis, apice depressis; epicarpio in sicco 0.5-1 mm. crasso, mesocarpio

spongioso-crustaceo; endocarpio subcartilagineo ; seminibus rubiginosis,

ca. 4 mm. longis. Holotypus: T. Carr (bri). Figure 2.

Queensland. Cook District: Mt. Spurueon. T. Carr (bri, holotype). North
Kennedy District: State Forest Reserve 194, Lat. 17° 20' S., Long. 145° 25'

E., Hyland4019 (bri).

It might be suspected that the unusually thick petals of this plant are

the result of the flowers having been stung by insects. There is no evidence

that this is the case, however; the ovary and ovules appear normal.

The carpels of this and the preceding species may become completely

separated apically in fully mature fruit. They are not separate in the

ovary and young fruit, however, being at least axially connate for their

The relationships of Acronychia crassipetala are not particularly clear,

but it seems closest to .4. choorcechiUuni. differing mainly in having uni-

foliolate leaves, larger flowers, thicker petals, and a thicker epicarp.

4. Acronychia baeuerlenii Hartley, sp. nov.

Arbor parva usque 9 m. alta; ramulis glabris; foliis unifoliolatis; petiolo

glabro, 0.8-1.8 cm. longo; foliolo chartaceo, glabro, elliptico vel elliptico-

oblongo, 6-1 1 cm. longo, 2-4 cm. lato, basi cuneato vel anguste obtuso. venis

primariis utrinsecus costa 10-12, apice obtuso vel obtuse acuminate,

acumine usque 1 cm. longo; inflorescentiis paucifloris, 3-6.5 cm. longis, axi

et ramulis glabris; floribus 9-13 mm. lonuis. pediccllis glabris, 4-9 mm.
longis; sepalis glabris vel glabratis, late rotundatis, 0.6-1 mm. longis, 1.4-2

mm. latis; petalis glabris; disco glabro, 0.4-0.6 mm. alto, 1.7-1.8 mm.
lato; ovario glabro, fissuris septicidalibus 1/2 vel 3/4 longitudine extensis;

stylo basin versus sparse patulo-pubescenti, aliter glabro; fructibus in

sicco brunneis. glabris, fissuris septicidalibus saltern 1/2 longitudine exten-

sis, subglobosis, ca. 9 mm. latis, basi et apice rotundatis; epicarpio in

sicco minus quam 0.5 mm. crasso, semicarnoso, mesocarpio non evidenti;

endocarpio pergamentaceo ; seminibus pallide rubiginosis, grosse et irregu-

lariter rugosis, ca. 4 mm. longis. Holotypus: Forsyth, October, 1898

(nsw). Figure 3.



Figure 3. Acronychia



1974] HARTLEY, ACRONYCHIA (RUTACEAE) 493

Distribution. Extreme southeast Queensland and adjacent New South

Wales; rain forests to about 800 meters.

Queensland. Moreton District: Lamington National Park, Macpherson

Range, White & Tryon, March, 1920 (bri). New South Wales. Mt. Warning,

Guilfoyle (mel) ; Toonumbar State Forest, 14 miles WNW of Kyogle, Hayes,

1947 (Herb. NSW Forestry Station, Coffs Harbour) ; Burringbar, Forsyth, Octo-

ber, 1898 (nsw 127033, holotype) ; Byron Bay, Forsyth, October, 1898 (uc, w);
Lismore, Baeuerlen, November, 1892 (nsw 127035), April, 1894 (u) ; Wollong-

bar, Manager Experimental Farm, February, 1905 (nsw 127034); Alstonville,

Baeuerlen 697 (mel) ; Tintenbar, Baeuerlen 641a (nsw) ; Richmond River,

Baeuerlen 217 (mel), Fawcett (mel). Without definite locality: Cunningham
34 (mel).

Actonychia baeuerlenii appears to be the most primitive of a large

group of related species (Evolutionary Line II), most of which have

small, fleshy fruits and small flowers. On the basis of the dissection of

the ovary and fruit by septicidal fissures it seems to be most closely related

to A. pauciflora. On other characters, however, A. oblongijolia and A.

laevis appear to be closer relatives.

The most recent collections of this species were made by Hayes, in 1947,

and Tryon & White, in 1920. All of the remaining collections were made
around the turn of this century or before. This rarity of modern collec-

tions is probably due to extensive clearing of rain forest areas in northeast

New South Wales.

5. Acronychia pauciflora C. T. White, Proc. Roy. Soc. Queensl. 57: 21.

1947. Type: Clemens, January, 1945, Queensland, Moreton District,

Mt. Glorious.

Shrub or small tree to about 5 m.; younger branchlets finely pubescent to

glabrate. Leaves unifoliolate
;
petiole finely pubescent to puberulent, at

least adaxially, becoming glabrate and cracking transversely with age,

0.4-1.8 cm. long; leaflet subcoriaceous or occasionally chartaceous, glabrous

throughout or rarely very sparsely short-pubescent below, obovate to

oblanceolate or rarely elliptic, 2-9.5 cm. long, 1-4.8 cm. wide, base obtuse

to cuneate, main veins 7-9 on each side of the midrib, apex obtuse to

obtusely acuminate (the acumen to 1 cm. long) or occasionally rounded

or subacute. Inflorescences few-flowered, 0.8-1.2 cm. long, axes and

branches finely pubescent. Flowers 5-6.5 mm. long; pedicels glabrous to

puberulent, 1-1.8 mm. long; sepals glabrous to puberulent, obtusely tri-

angular to rounded, 0.8 mm. long, 0.9-1.1 mm. wide; petals glabrous or

with scattered hairs abaxially, glabrous adaxially; disc glabrous, 0.5-1 mm.
high, 1.5-2 mm. wide; ovary glabrous throughout or with a few hairs

around the base of the style, with septicidal fissures extending for at least

one half the length; style pubescent toward the base, otherwise glabrous.

Fruits drying dark reddish brown, glabrous throughout or with a few hairs

at the apex, with narrow septicidal fissures extending for at least one half
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the length, subglobose, 7-9 mm. wide, base rounded, apex depressed; epicarp

drying about 0.5 mm. thick, semifleshy to soft-spongy, without evident

mesocarp; endocarp subcartilaginous. Seeds reddish black, about 4 mm.

Queensland. Leichhardt District: Croyden Homestead, Jones 2813 (canb)
;

4 miles ESE of Edungalba, Johnson 1973 (bri)
; Arcadia Creek in vicinity of

Arcadia Homestead, Story & Yapp 323 (canb). Port Curtis District: Marl-

borough Road, 80 mile, Jones 3181 (canb) ; N of Broad Sound, Jones, July,

1967 (canb); Rockhampton, Bowman (k, mel), Dallachy, July, 1863 (bm,

bri, mel, w), Dietrich 874 (mel), 1585 (mel), 1765 (mel), 2116 (mel, ny, p),

2197 (mel), O'Shanesy 118 (mel); Capricorn, Bowman, May, 1861 (mel);
Gogango, Thozet 773 (mel). Burnett District: Eidsvold, Bancroft, April,

1913 (bri). Wide Bay District: Kin Kin, White, January, 1916 (bri); Imbil,

Clemens 43391 (a, ny, us), 43392 (a, bri). Smith & Webb 3141 (canb).

Moreton District: Mt. Glorious, Bray, May, 1943 (bri), ("rain forest near

gully") Clemens, January, 1945 (bri, holotype; gh, mich, ny, uc, isotypes),

("forest road") Clemens, January, 1945 (ad, bish, bri, gh, mich. ny. uc);

Samford, Webb & Tracey leg. Tracey 3395 (canb); Samford Creek, White

12638 (a, bri); Brisbane River, Mueller. 1S5 7 (k); Little Mt. Alford, Michael

2227 (ny). New South Wales. Lismore, Baeuerlen, March, 1898 (nsw 127029);

Richmond River, Fawcett (nsw 127030).

This species, Acronychia pauciflora, is the only species of Acronychia

showing a tendency to adapt to the xeric conditions of the Australian in-

terior, several of the collections having been made in the brigalow scrub

{Acacia harpophylla) of eastcentral Queensland.

Hook.) Endl. ex Heynh.

Cyminosma o>>lonvfolia A. Cunn. ex Hooker's Bot. Mag. 61: t. 3322. 1834.

Type: Cunningham, New South Wales, Port Jackson (Sydney).

Jambolifera oblongifolia (A. Cunn. ex Hook.) Steudel, Nomencl. ed. 2. 1:

796. 1840.

Acronychia lamina F. Muell. 3rd Gen. Report Veg. Victoria 7. 1854; Frag.

Phytogr. Austral. 1: 27. 1858, nomen illegit., based on Cyminosma oblon-

gifolia A. Cunn. ex Hook.
Acronychia taevis J. R. & G. Forst. var. leucocarpa F. ML Bailey. Queensl.

Dept. Agr. Bot. Bull. 14: 7. 1896. Type: F. if. Bailey, Queensland, More-

ton District, Eumundi.
Acronychia laevis J. R. & G. Forst. var. dictyophleba Domin, Bibliot. Bot.

22(89): 294. 1927. Type: Domin 5582, March, 1910, Queensland, More-

ton District, Tamborine Mt.

Shrub or small to large tree to about 27m.; branchlets glabrous. Leaves

nifoliolate (rarely occasional leaves trifoliolate) ;
petiole glabrous, 0.7-3.2

m. long; leaflet subcoriaceous or occasionally chartaceous, glabrous, ellip-

se to narrowly elliptic-oblong to oblanceolate, rarely obovate, 4-12 cm.
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long, 1.4-4.5 cm. wide, base obtuse to attenuate, main veins 5-11 on each
side of the midrib, apex obtuse to rounded. Inflorescences few-flowered,

2-6 cm. long, axes and branches glabrous. Flowers 5-7 mm. long; pedicels

glabrous, 1.5-8 mm. long; sepals glabrous, obtusely triangular to broadly
rounded, 0.5-1 mm. long, 0.9-1.5 mm. wide; petals glabrous; disc glabrous,

0.3-0.5 mm. high, 1.2-1.8 mm. wide; ovary densely ascending-pubescent
at the apex, otherwise glabrous, with septicidal fissures extending for one
third to one half the length; style densely pubescent basally, otherwise

glabrous. Fruits white, drying reddish brown or blackish, with a ring of

dense, short pubescence at the apex, otherwise glabrous, with inconspicuous
septicidal fissures extending for not more than one half the length, sub-

globose to mitriform, 6-8 mm. wide, base rounded, apex rounded or slightly

depressed; epicarp drying less than 0.5 mm. thick, semifleshy and with soft-

spongy mesocarp differentiated between the locules; endocarp subcartilagi-

nous. Seeds blackish, about 3.5 mm. long.

Illustration. Cunningham, A. ex W. J. Hooker, loc. cit.

southeast Victoria; rain

Queensland. Wide Bay District: Traveston, 12 miles SE of Gympie, Francis,

July. 1921 (uc); Noosa, Smith & McGillivray 3078 (nsw) ; Amamoor, Swain,

October, 1912 (bri). Darling Downs District: Forest Reserve 405, ca. 25

miles NE of Warwick, Smith 11468 (bri); Reserve 327, Warwick, Spiden B 1

(bri); near Emu Vale, Macpherson Range, Francis, November, 1920 (bri);

Killarney, de Beuzeville, April, 1935 (nsw 127118) ;
Spring Creek, near Killarney,

Hubbard 5810 (a, bri, k)
; Wilson's Peak, Goy 406 (bri). Moreton District:

Bunya Mrs., White, October, 1919 (bri); Eumundi, Bailey (bri, holotype of

Anonychia laevis J. R. & G. Forst. var. leucocarpa F. M. Bailey; bm, k, iso-

types), White, June, 1912 (bri); Blackall Range, White, December, 1916 (bri);

Conondale. Williams, March, 1967 (bri); Mt. Glorious, Clemens, January, 1945

(mich)
;
Brisbane River, Mueller (bm) ; Mt. Mitchell, White 6873 (a, bri, ny) ;

Mt. Mistake, Bailey 4 (mel)
; Logan River, Scortechini (mel) ;

Tamborine Mt.,

Clemens, March, 1947 (mich, ny, uc), Domin 5582 (pr, holotype of Anonychia
laevis J. R. & G. Forst. var. dictvophleba Domin) ; near Lamington National
Park along road to Moran's Falls, Smith 14185 (bri) ; Lamington National Park,

Smith & Webb 3596 (canb), 3603 (canb), Webb 5010 (canb). New South
Wales. Acacia Creek, near Killarney, Queensland, Dunn, December, 1904

(nsw 127119), January, 1906 (nsw 127112), Gray & Shaikh 4409 (canb);
Cudgen, Guiljoyle, 1871 (mel); Toonumbar, Constable, May 18, 1949 (nsw
11186); Moore Park, near Kyogle, White 12512 (a, bri, uc, us); Whian Whian
State Forest, Webb & Tracey, 1953-1958 (bri); Lismore, Fawcett, June 27,

1867 (mel); Richmond River, Boorman, March. 1909 (bish), Fawcett 108

(mel, nsw), Henderson 160 (mel); Casino, Irby, March, 1917 (nsw 127115),

McAuliffe, July, 1913 (nsw 127114), McLean, February, 1918 (nsw 127116),

June 26, 1918 (nsw 127113); Ballina, Baeuerlen, June, 1892 (a); Clarence

River, Beckler (gh, mel, u, w), Mueller (nsw), Wilcox, November, 1875

(mel); Ramornie to Orara River, Blakely & Shiress, July, 1922 (nsw 127120);
Dorrigo, Boorman, 1909 (nsw 127120), Fraser, January 2, 1935 (nsw 127121),
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Tindale, April 3, 1944 (a, nsw, uc), Vickery, April IS, 1953 (nsw 23854), White

7536 (a, bri, ny) ; Pine Creek State Forest, McGillivray 757 (nsw) ; Bellinger

District, Hewitt, March 1, 1946 (nsw 127123); Raleigh, Bellinger River, Boor-

man, June, 1910 (nsw 127124), Swain, March, 1910 (nsw 127126); Nambucca
Heads, Boorman, June. 1910 (w) ; Macleay River, Beckler (mel), McDonald,

1889 (mel); Port Macquarie to Kempsey, Maiden, July, 1895 (nsw 127127);

Hastings River, Beckler (u), Cunningham 48 (bm, k, mel); Port Macquarie,

Evans, August 22, 1927 (canb), Lilier, September, 1938 (nsw 127129); between

Port Macquarie and Tacking Point, Todd, January, 1966 (nsw 127130); Wau-

chope, Maiden, May, 1915 (nsw 127128, us); Comboyne Plateau ca. 1 mile W of

Comboyne, Schodde 5155 (canb); Moorland, N of Taree, McGrath, June 29,

1953 (nsw 127131); Craven Plateau ca. 20 miles NW of Gloucester, Briggs,

August 3, 1964 (nsw 64997) ; upper Williams River, Fraser & Vickery, January

10, 1934 (nsw 127132), Rodway 1851 (nsw); Williams River, Fraser & Vick-

ery, January 15, 1934 (nsw 127133); Bungwahl, Rupp, June, 1924 (nsw

127135); Myall River, Rupp, March, 1924 (nsw 127136), August 5, 1924 (nsw

127134); Dungog, Rudder, February 10, 1893 (nsw 127138), February 16, 1894

(nsw 127137); Ash Island, Hunter's River, Scott (mel); Newcastle, Oakman,

February 6, 1941 (nsw 137139); Belmont, Dwyer 1091 (nsw); Hawkesbury

River, Brown 5330 (bm, k) ; Lisaroa, Gosford District, Evans, July 28, 1927

(canb); Narara Creek. Xarara. McGiUivrav 714 (nsw); Gosford, Fletcher,

February 25, 1888 (nsw 126998), Maiden, October, 1887 (mel); Newport to

Barranjoey, Maiden, July, 1905 (nsw 126999); Newport, Maiden & Cambage,

July, 1905 (nsw 127031), White 10337 (bri); Blue Mts., Atkinson 26 (mel);

Kogarah, Camfield, September, 1900 (nsw 127001); Manly, Betche, June, 1889

(nsw 127000); Sydney, Brown (mel), Cunningham (k, holotype of Cyminosma

oblongijolia A. Cunn. ex Hook.), Macarthur, 1854 (k) ;
Hacking River, Johnson,

1947 (nsw 127002); Otford, ca. 13 miles S of Sutherland, Coveny 1243 (bri,

nsw); Bulli, Collie (nsw 127007); Neplow River, Douglas Park, McBarron

11841 (nsw)
; Mt. Keira, Johnson 397x (nsw), Martensz 203 (nsw) ;

Woonona,

near Wollongong, Maiden, March 3, 1891 (gh) ;
Wollongong, Baeuerlen, March

3, 1891 (mel); West Dapto, Cambage 404 (nsw); Minnamurra Falls, Judd,

May, 1953 (nsw 127006), June, 1953 (nsw 127005); Cambewarra Range, Rod-

way, March, 1922 (nsw 127003); Broger's Creek, Baeuerlen 27 (mel); Kiama,

Harvey, January, 1856 (k) ; Gerringong, Fraser & Vickery, April 20, 1934

(canb); Foxground, Hay, November, 1906 (nsw 127004); Shoalhaven River

Baeuerlen 43 (mel); Comerong Island, Rodway 877 (nsw); Mt. Dromedary,

Tilba Tilba, Johnson & Constable, September 9, 1960 (nsw 127008); Tan-

tawangalo Mt., Targett, October, 1921 (nsw 127009); Jigamy Creek 2 miles N
of Eden, Webb & Tracey 3633 (bri) ;

Timbillica Crossing, Allan & Taylor (mel).

Victoria. Deep Creek near Bruthen, Allender, December 28, 1962 (mel)
;
Lake

King, Mueller, February, 1855 (bm, k, mel); Kalimna, near Lakes Entrance,

Willis, August 15, 1944 (mel)- Mottle Gully about 14 miles NW of Orbost,

Elliott, May 26, 1963 (mel); Snowy River, Pescott, August, 1901 (nsw), Rowe,

1902 (nsw); Orbost, Pescott, April, 1901 (nsw); Brodribb River, Pescott,

September, 1900 (mel). Cultivated. Victoria: Melbourne Botanic Gardens,

Anonymous, February 23, 1923 (a).

Acronychia oblongijolia has often been confused with A. laevis. The two

species are readily distinguishable by the ring of dense pubescence at the

apex of the ovary and fruit in the former.
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7. Acronychia acuminata Hartley, sp. nov.

Arbor 8 m. alta; ramulis glabris; foliis unifoliolatis; petiolo glabro,
1.5-3.5 cm. longo; foliolo subcoriaceo, glabro, elliptico, 9-15 cm. longo,
3-5 cm. lato, basi cuneatis, venis primariis utrinsecus costa 8-10, apice
acuminatis, acumine 1.5-2 cm. longo; inflorescentiis paucifloris, ca. 1.5 cm.
longis, axi et ramulis glabratis; floribus 4 mm. longis, pedicellis glabratis,

1-2 mm. longis; sepalis glabris, triangularibus, 1 mm. longis. 1.2 mm.
latis; petalis abaxialiter glabris, adaxialiter sparse pubescentibus ; disco

glabro, 0.3 mm. alto, 1.5 mm. lato; ovario apice pubescenti, aliter glabro,

fissuris septicidalibus 1/3 longitudine extensis; stylo basin versus pubes-
centi, aliter glabro; fructibus in sicco rubiginosis, apice sparse pubescenti-
bus, aliter glabris, fissuris septicidalibus 1/3 longitudine extensis, ovoideis,
ca. 10 mm. latis, basi rotundatis, apice obtusis; epicarpio in sicco minus
quam 0.5 mm. crasso, semicarnoso, mesocarpio non evidenti; endocarpio
pergamentaceo; seminibus nigricantibus, ca. 4.5 mm. longis. Holotypus:
Webb & Tracey 10760 (canb). Figure 4.

Distribution. Known only from the type locality; rain forest border.

Queensland. Cook District: MacDowall Range between Daintree River and
Bloomfield River, Lat. 16° 30' S., Long. 145° 17' E., Webb & Tracey 10760

j.J
his

P
la
?
1 aPPears t0 be closely related to Acronychia parviftora but

leaflets, larger flowers, and larger

8. Acronychia goniocarpa Merr. & Perry, Jour. Arnold Arb. 22: 57.

1941. Type: Brass 12093, West Irian, Idenburg River.

Tree 25 m.; branchlets glabrous. Leaves trifoliolate; petiole glabrous,
3-6 cm. long; leaflets subcoriaceous, glabrous, elliptic-oblong, 10-21 cm.
long, 4.5-7 cm. wide, base obtuse to cuneate or attenuate, main veins 11-15
on each side of the midrib, apex obtuse to obtusely acuminate, the acumen
to 1 cm. long. Infructescences 8-11 cm. long, axes and branches glabrous;
fruiting pedicels glabrous, 10-18 mm. long; sepals glabrous, broadly round-
ed, 0.7 mm. long, 2 mm. wide. Fruits yellow, drying reddish black, with a
few hairs at the apex, otherwise glabrous, with septicidal fissures extending
for one fourth to one half the length and otherwise deeply and irregularly

fissured with sharply angled intervening ridges, elliptic to pyriform in

outline, 8-11 mm. wide, base subtruncate, apex usually short-apiculate

;

epicarp drying about 0.5 mm. thick, with spongy-crustaceous mesocarp;
endocarp cartilaginous. Seeds reddish brown, about 4 mm. long. Flowers

Distribution. Known only from the type locality; montane rain

forests from 1750 to 1780 meters.

West Irian. Idenburg River, 15 km. SVV of Bernhard Camp, Brass 12093 (a,

holotype; bri, l, lae, isotypes), Brass & Versteegh 11926 (a, l, lae).
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Although Acronychia goniocarpa and A. rugosa may be rather closely
related, both having irregularly roughened fruits, their relationships to

other species of the genus are not at all clear. Only Acronychia vestita, of
north Queensland, shares the characteristic of irregularly roughened fruit,

but it differs in lacking septicidal fissures and in having much larger,

9. Acronychia rugosa Hartley, sp. nov.

Arbor parva vel mediocris usque 25 m. alta; ramulis glabris; foliis tri-

foliolatis (foliis infrequentibus unifoliolatis)
;

petiolo glabra, 1.5-4.5 cm.
longo; foliolis subcoriaceis, glabris, elliptico-oblongis vel oblanceolatis,
6.5-1

1 cm. longis, 2-4.5 cm. latis, basi cuneatis vel attenuatis, venis pri-

marily utrinsecus costa 11-12, apice rotundatis vel obtuse acuminatis,
acumine usque 0.5 cm. longo; infructescentibus usque 6.5 cm. longis, axi et

ramulis glabratis; pedicellis fructiferis glabratis vel puberulis, 3-4.5 mm.
longis; sepalis puberulis, obtuse triangularibus vel rotundatis, 0.7 mm.
longis, 1 mm. latis; fructibus albis, in sicco brunneis, glabris, profunde et

irregulariter rugosis, fissuris septicidalibus ca. 1/2 longitudine extensis,

subglobosis, ca. 5 mm. latis, basi truncatis, apice obtusis; epicarpio in

sicco ca. 0.5 mm. crasso, mesocarpio spongioso; endocarpio cartilagineo

;

seminibus nigricantibus, ca. 2.5 mm. longis; fioribus non visis. Holotypus:
Brass & Versteegh 11951 (a). Figure 5.

Distribution. West Irian and Papua (Western District); montane
rain forests from 1800 to 2480 meters.

West Irian. Mt. Doorman, Lam 1933 (l) ; Idenburg River, 15 km. SW of

Bernhard Camp, Brass 12044 (a, l, lae), Brass & Versteegh 11951 (a, holotype;
l, lae, isotypes); Star Mts., Mt. Antares, Kalkman 4319 (canb). Papua.
Western District: Kiunga Subdistrict, Berlin, Ok Tedi River, Foreman &
Galore NGF 45786 (canb, lae).

Acronychia rugosa differs from A. goniocarpa, which appears to be its

closest relative, in having smaller fruits and leaves and shorter fruiting

pedicels.

10. Acronychia parviflora C. T. White, Contr. Arnold Arb. Harvard
Univ. No. 4: 51. 1933. Type: Kajewski 1214, Queensland, Cook
District, Atherton Tableland.

Shrub or small tree to 8 m.; younger branchlets finely pubescent to

glabrate. Leaves unifoliolate; petiole finely pubescent or occasionally
glabrate, becoming glabrous with age, 0.5-1.5 cm. long; leaflet chartaceous
to subcoriaceous, glabrous throughout or with a few scattered hairs on the
midrib below, ovate to elliptic to elliptic-oblong, 3.3-9.5 cm. long, 1.4-4.5
cm. wide, base obtuse to cuneate, main veins 9-14 on each side of the
midrib, apex acuminate, the acumen to about 1 cm. long. Inflorescences
1- to few-flowered, 0.6-0.8 cm. long, axes and branches finely pubescent.
Flowers 3-3.5 mm. long; pedicels puberulent, 0.5-1 mm. long; sepals
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sparsely short-pubescent, obtusely triangular, 0.7-1 mm. high, 1-1.2 mm.
wide; petals glabrate to sparsely puberulent abaxially, glabrous adaxially,

semipersistent in fruit; disc glabrous, 0.3 mm. high, 1.3 mm. wide; ovary

glabrous throughout or sparsely pubescent around the base of the style, with

apical septicidal fissures; style glabrous throughout or sparsely pubescent

only at the base. Fruits light purple, drying reddish brown, glabrous

throughout or sparsely pubescent only at the apex, with narrow septicidal

fissures at the apex, subglobose in outline, drying 4-lobed, about 7 mm. wide,

base and apex rounded; epicarp drying less than 0.5 mm. thick, semi-

fleshy, without evident mesocarp; endocarp subcartilaginous. Seeds red-

dish brown, about 3.8 mm. long.

Queensland. Cook District: Davies Creek, Lamb Range between Mareeba
and Kuranda, Webb & Tracey 7231 (bri); Glen Allyn, Malanda, Hayes (bri),

Kajewski 1214 (bri, holotype; k, ny, isotypes) ; Boonjee, near Malanda, Blake

15181 (bri, mel) ; Mt. Bartle Frere, Blake 9822 (bri) ;
Tully Falls, Fielding,

North Queensland Naturalists Club 13333 (bri).

Actonychia parviflora is apparently closely related to A.

11. Acronychia laevis J. R. & G. Forst. Char. Gen. Pi. ed. 1. t. 27. 1775

(cf. St. John, 1971); ibid. ed. 2. 1776. Type: /. R. & G. Forster,

New Caledonia.

Lawsonia acronychia L. f. Suppl. PI. 219. 1781 (nomen iUegit., based on Acrony-

chia laevis J. R. & G. Forst.).

Huonia laevis (J. R. & G. Forst.) Montrous. Mem. Acad. Roy. Soc. Lyon, Sec.

Sci. II. 10: 185. 1860.

Jambolifera laevis (J .R. & G. Forst.) O. Ktze. Rev. Gen. PL 1: 102. 1891.

Acronychia laevis J. R. & G. Forst. var. purpurea F. M. Bailey, Queensl. Dept.

Agr. Bot. Bull. 14: 7. 1896. Type: not designated.

Acronychia laevis J. R. & G. Forst. var. longiftora Domin, Bibliot. Bot. 22(89):

294. 1927. Syntypes: Domin 5585, December, 1909, Queensland, Port Cur-

tis District, Gladstone ; Dietrich 648, Queensland, Moreton District, Brisbane

River.

Shrub or small tree to 12 m.; branchlets glabrous. Leaves unifoliolate;

petiole glabrous or with a few hairs at the apex, 0.3-3 cm. long; leaflet char-

taceous to subcoriaceous, glabrous, elliptic to elliptic-oblong or obovate to

oblanceolate, 2.5-9.5 cm. long,

rounded, main veins

obtuse or occasionally obtusely :

Inflorescences few- to many-flowered, 1.5-7 cm. long, axes and branches

glabrous. Flowers 6-7 (-10) mm. long; pedicels glabrous, 3.5-13 mm.
long; sepals glabrous, obtusely triangular to triangular, 0.7-2 mm. long,

0.7-1.3 mm. wide; petals glabrous abaxially, glabrous or occasionally

sparsely appressed-pubescent toward the base adaxially; disc glabrous,
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0.2-0.5 mm. high, 1-1.5 mm. wide; ovary glabrous, without septicidal

fissures; style sparsely to rather densely pubescent toward the base, other-

wise glabrous. Fruits white to purplish, drying reddish brown to blackish,

glabrous, without septicidal fissures, mitriform or occasionally subglo-

bose, 6-8 (-12) mm. wide, base obtuse to rounded, apex usually rather

deeply depressed; epicarp drying less than 0.5 mm. thick, semifleshy, with-

out evident mesocarp; endocarp subcartilaginous to pergamentaceous.

Seeds dark reddish brown, 4-4.5 mm. long.

Illustrations: Banks, J., & D. Solander, Illustrations of the botany of

Captain Cook's voyage 1: t. 35. 1900 (as Jambolifera laevis). Forster,

J. R. & G., loc. cit.

Distribution. Cape York Peninsula, Queensland, south to northeast

New South Wales and east to New Caledonia (including the Loyalty

Islands) and Lord Howe Island; rain forests and scrubs to 600 meters in

Australia; rain forests, scrubs, and rather open rocky slopes to 750 meters

in New Caledonia. See Map 4.

Queensland. Cook District: Tozer Gap, Tozer Range, Brass 19438 (bri,

canb)
; Mt. Fraser, Brass 2435 (a, bish, bri) ; Mt. Malloy, Brass 2454 (a, bish,

bri, p) ; Boyle Creek NW of Mareeba, McKee 9138 (canb) ;
Forestry Reserve

185, Danbulla, Volek QF 54/128 (bri); Forestry Reserve 185, Juara Logging

area, Hyland 3098 (bri); near Atherton, Bailey (bri); Stannary Hills, Ban-

croft, September, 1909 (bri)
;
40 miles W of Mount Garnet, Brass & White 103

(bri). North Kennedy District: Mt. Macalister. Dallachy, April 9, 1869

(mel); Stony Creek, Rockingham Bay, Dallachy, March, 1867 (bm, k, mel) ;

Palm Island, Sommerville, May, 1926 (bri); Mt. Elliot, Campbell, June 14, 1959

(canb)
; foothills of Mt. Elliot along Alligator Creek, Macfarlane, May 30, 1965

(bri); Port Denison. Fitzalan. June IS. 1863 (mel); Mt. Dryander, NE of Pro-

serpine, Webb & Tracey 7871 (bri); Preston, near Proserpine, Michael 1071

(bm, bri, gh); Cannonvale to Proserpine, Jones 3188 (canb); Cannonvale,

Jones 1554 (canb); Conway State Forest between Airlie and Shute Harbour,

Webb & Tracey 7622 (bri); Shute Harbour, Jones 2030 (canb), Webb &
Tracey 7937 (bri); Hayman Island, White 10085 (a, bri, ny) ;

South Molle

Island, Scanlan 2b (bri): Whi 1

-.::..! :. M.,m! White 10086 (bri, ny). South
Kennedy District: Cawley State Forest W of Cathu between Mackay and

Proserpine, Webb & Tracey 7693 (bri) ; Brampton Island, Bardsley, November
1, 1967 (bri); Dalrymple Heights and vicinit\ Clemens J ul> -September, 1947

(mich, uc), July-November, 1947 (bri), September-October, 1947 (bish, bri),

September-November, 1947 (gh, mich) ; Dalrymple Range near Broken River

Bridge, Haines 125 (k) ; Eungella Range, Francis, October 3-12, 1922 (bri);

Port Mackay, Dietrich 2523 (mel), 2630 (mel). Port Curtis District: Bay
of Inlets (Broad Sound), Banks & Solander, 1770 (mel, p, us, w) ; Fitzroy

River, O'Shanesy 88 ser. 9 (mel); Rockhampton, Dallachy 275 (mel, u, w),

April 13, 1863 (mel), O'Shanesy 194 (mel), Simmons, 1903 (nsw 127036),

Thozet 27 (mel, p) ; Keppel Bay, Brown 5331 (bm, bri, k, mel) ;
Gladstone,

Domin 5585 (pr, syntype of Acronychia laevis J. R. & G. Forst. var. longifolia

Domin); Bustard Bay, Jeffrey, April 28, 1967 (bri); Rosedale, Dovey 73 (bri),

198 (bri). Burrett District: Callide Valley, White 10808 (a, bri); Coon-

garra Rock, Coalstoun Lakes, White 7728 (a, bri, ny). Wide Bay District: The
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J.R.
Distributions of i

. Forst. (dots).

Hummock, near Bundaberg, Goy & Smith 610 (bri) ;
Mary Riv<

January, 1917 (uc); Mt. Bauple, Clemens, June 18-20, 1945 (gh)
bury, Swain, April, 1917 (nsw)

; Gympie, Kenny, 1906 (bri). Darlij

District; Toowoomba, Longman (k). Moreton District: Eumund
1911 (bri); Buderim Mt . White. April. 1912 (bri); Bunya Mts., White,

1919 (ad); Yarraman, Cameron, February, 1925 (a); Cedar Creek, ca.

NW of Brisbane, Goy & Smith 45 (bri); Samford. White, March. 1920

Clear Mt., White 6090 (a, bri i . Gold Creek il te. June 3, 1915 (nsw
gera Creek, Bailey (us); Taylor's Range, Bailey, July, 1879 (bri); ft.

tha, Blake 3322 (bri), 4739 (bri), Hubbard 3390 (a, bri), Williams,

Glaston-
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1970 (bri) ; West Ithaca Creek, foot of Taylor Range, Everist 2969 (bri, canb)
;

Ithaca Creek E of Brisbane, White, July 15, 1916 (bri, nsw) ; Goodna, White

881 (bri, uc); Brisbane, Griffith (mel) ; Normans Creek, Leichhardt, 1845

(p); Brisbane River, Cunningham 24 (bm, bri, k, mel), Dietrich 648 (ny, p,

isosyntypes of Anonychia laevis J. R. & G. Forst. var. longiflora Domin),
1863-1865 (bm, bri, us, w), Mueller (k, mel); Mount Edwards, Everist 611

(bri)
; Mt. Tamborine, Clemens, March, 1947 (ad, bish, bri, mich) ; Laming-

ton National Park, Shirley, February, 1918 (nsw 127032), Smith 14192 (bri).

New South Wales. Rivertree Area. ca. 39 miles E of Liston, Clark, Pickard &
Coveny 1772 (nsw)

; Lord Howe Island, Anonymous (gh, k, w). New Caledonia.

Poume, Compton 2369 (bm), VieiUard 289 (a. k I ; Hot Mouac, Virot 247 (a, p) ;

lie Pam, Balansa 3373 (a, bm, k, p, us) ; Col d'Amoss, Thome 28142 (p) ;

Oubatche, Schlechter 15501 (bm, nsw, w), 15555 (bm, nsw, w) ; Tiebaghi Mt.,

Thome 28102 (p) ; N of Hienghene, Virot 775 (p) ; Gatope Island, VieiUard 285

bis (k), 2436 (bm); \'oh. Baumann-Bodenheim leg. Baas-Becking 5972 (p);

Mt. Poindala, Daeniker 1090 ( i> Gu ' <» " .
- Hainnann-Bodenheim 9414 (p);

Houa'iloa, Leenhardt 212 (p) ; Col Nekoro Guillaumin 13348 (p) ;
Canala,

Deplanche 108 (p), Lecard (p) ; Bourail, Balansa 1350 (bm. k, us), 1350a (p),

LeRat 662 (p) ; road from Canala to La Foa, McMillan 5171 (a, bish, p, uc)

;

Col d'Amieu, inland from La Foa, Schodde 5221 (canb); Plateau de Dogny,

LeRat, July, 1910 (p) ; La Foa, Leenhardt 455 (p) ; Mt. Bacon, Daeniker 696

(p) ; lower Tontouta Valley, McKee 3460 (a, p, us) ; Mt. Dzumac, LeRat 2601

(a, p); Mt. Mou, Compton 517 (bm, mel), White 2085 (a, bri, p) ; St. Vincent,

Brousmiche 1130 (p), Daeniker 413e (p) ; Paita, LeRat 35 (p), Schlechter 15001

(bm, gh, k, nsw, p, w); Dumbea, LeRat 2391; Koghis Mts., Godefroy, 1910-

1911 (p) ; Noumea and vicinity, Balansa 431 (bm, p), Deplanche, 1855-1860 (p),

Germain, 1874-1876 (bm, p), LeRat 1642 (p), Virot 818 (a, p), 939 (p), 1165

(p), 1181 (p) ; Thi River N of St. Louis Mission, Buchholz 1616 (a, bish, p, uc,

us) ; St. Louis Mission, Taylor 5 (a) ; Mt. Dore, Franc 1342 (a, bm, bri, k, p,

uc); Mt. Ouen Toro, McKee 1022 (a, p). 2002 (bish, p, uc, us), 2156 (a, p,

us), Virot 540 (a, p), 950 (a, p) ; Baie des Pirogues, White 2268 (a, bri, p);

Prony, Cribs 1555 (bri, nsw, p), 1665 (p) ; He des Pins, Cribs 1155 (p), LeRat

110 (p), Puncher, 1861 (mel, p), Virot 1063 (p) ; without definite locality,

Anderson, 1774 (bm), Aubreville-Heine 88 (p), Banks (w), Baudouin 763 (p),

Baumann-Bodenheim 5144 (p), 14654 (p), Brousmiche 1032 (p), Caldwell,

1868 (k), Compton 661 (bm, nsw), Cook, 1774 (bm), Cribs 1215 (p), Deplanche

7 (a, w), 438 (p), Forster (k, holotype of Acronychia laevis J. R. & G. Forster;

bm, p (photo), w, isotypes), Guillaumin & Baumann-Bodenheim 7575 (p),

7582 (p), 7598 (p), 9196 (a), 9221 (p), 10040 (p), J5J24 (p), Hodgson, 1887

(mel), Huerlimann 1169 (p), J270 (p), Letfa* J47.? (p), Pancher, 1860 (p),

Roberts, 1886 (mel). Loyalty Islands. Lifou Island, Daeniker 2975a (p), £er-

geret 140 (p), Whitmee (bm) ; Mare Island, Daeniker 2589a (p).

The Australian collections of Acronychia laevis are rather variable in

size of flower and fruit: two collections from southeast Queensland, Dal-

lachy 275 and Dietrich 648, have flowers about 10 mm. long, the usual

size in the species being 6-7 mm. long; and three collections from north-

east Queensland, Brass 2435, 2454, and 19483, and one from southeast

Queensland, Everist 611, have fruits about 12 mm. wide, the usual size for

the species being 6-8 mm. wide.

The New Caledonian collections are more homogeneous and as a whole
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differ only slightly from the majority of the Australian collections. (The
leaves in the former tend to be somewhat less punctate and have slightly

less-ascending main veins.) In view of this lack of differentiation be-

tween the two areas and the lack of much variation in New Caledonia, it

seems probable that Acronychia laevis arrived in New Caledonia in rela-

tively recent times via long distance dispersal.

12. Acronychia murina Ridley, Trans. Linn. Soc. Bot. II. 9: 25. 1916.

Type: Kloss {Wollaston Expedition), 1912-1913, West Irian, Mt.
Carstensz.

Acronychia wichmannii Lauterb. Bot. Jahrb. 55: 255. 1918; Nova Guinea
(Bot.) 14: 145. 1924. Syntypes: Pulle 997, 1015, West Irian, Mt. Wich-
mann; Versteeg 2417, West Irian, Mt. Hubrecht.

Shrub or small to medium tree to 25 m.; branchlets glabrous, more or less

tetragonous in younger growth, the angles formed by narrow ridges or very

thin wings of decurrent petiole bases. Leaves unifoliolate (rarely occa-

sional leaves trifoliolate)
;
petiole glabrous, 0.4-2 cm. long; leaflet charta-

ceous to coriaceous, glabrous, elliptic to elliptic-oblong to obovate, 2.3-9.5

cm. long, 1.2-4 cm. wide, base narrowly rounded to attenuate, main veins

6-1 1 on each side of the midrib, apex rounded to obtuse. Inflorescences

few-flowered, 1.4-7 cm. long, axes and branches glabrous. Flowers 6-8 mm.
long; pedicels glabrous or occasionally finely puberulent, 3-12 mm. long;

sepals glabrous or glabrate, rounded to obtusely deltoid, 0.5-1.5 mm. long,

0.8-1.9 mm. wide; petals glabrous to puberulent abaxially, glabrous ad-

axially; disc glabrous, 0.6-1 mm. high, 1-1.5 mm. wide; ovary glabrous

throughout or pubescent only at the apex, ellipsoid, with or without apical

septicidal fissures; style glabrous throughout or pubescent only in the basal

one half to two thirds. Fruits whitish, drying brown to blackish, glabrous

throughout or with a few hairs only at the apex, with or without apical

septicidal fissures, elliptic in outline, often more or less four-angled, 4-6
mm. wide, base obtuse to subtruncate, usually on a stipe formed from the

disc to about 1 mm. long, apex rounded to acute to short-apiculate; epicarp

drying less than 0.5 mm. thick, semifleshy, without evident mesocarp;

endocarp subcartilaginous. Seeds dark reddish brown, 3.5-4 mm. long.

Distribution. West Irian, Territory of New Guinea and Papua; mon-

tane rain forests, cloud forests and subalpine shrubberies and borders;

1500-3260 meters. See Map 4.

West Irian. Utakwa River to Mt. Carstensz, Camp 11-13, Kloss (Wollaston

Expedition), 1912-1913 (bm, holotype of Acronychia murina Ridley; k, iso-

tvpe); Mt. Doorman, Lam 1728 (k, l) ; Lake Habbema, Brass 9309 (a, l),

9537 (a, l), 10593 (a, l, lae) ; Mt. Hubrecht, Versteeg 2417 (k, l, u, lsosyn-

types of Acrony, rb); Mt. Wichmann, Pulle 997 (k, l, u,

isosyntypes of Acronychia wichmannii Lauterb.), 1015 (k, l, u, isosyntypes of

Acronychia wichmannii Lauterb.). Territory of New Guinea. Western High-
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lands District: McNicoll-Andabare Plateau SW of Laiagam, Robbins 3327
(canb)

; Wabag-Laiagam Road 1 mile SE of Sirunke Mission, Womersley NGF
15230 (canb)

; Ambum-Marimuni Divide, upper Ambum Valley, Robbins 3075
(canb); Mur Mur Pass, Lat. 5° 50' S., Long. 143° 50' E., Vandenberg, Katik

& Kairo NGF 39850 (bish, l, lae, nsw) ; Tambil-Tomba Road, Nebelyer
Divide, Robbins 473 (canb); road below Tomba, upper Nebeleyer River,

Robbins 242 (canb)
; Minj-Nona Divide, Rubor Range S of Minj, Pullen 5198

(canb), 5290 (canb). Eastern Highlands District: Daulo, Goroka Sub-
district, Saunders 853 (canb); Mt. Elandora, Kratke Mts., Brass & Collins

32158 (canb, l, lae, us). Morobe District: Mt. Sarawaket, Clemens 5557
(a), 5596 (a), 5772 (a); Mannasat, Cromwell Mts., Hoogland 9532 (canb);
Spreader Divide NW of Aseki, Schodde & Craven 4896 (canb), 4966 (canb);
Mt. Kaindi, Brass 29584 (canb, us), 29716 (canb, us), Coode et al. NGF
32860 (canb), Hartley 13659 (canb), Merava & Kairo NGF 17163 (canb),
Millar NGF 23657 (canb), Millar & van Royen NGF 18749 (canb, k, lae),

Millar & Womersley NGF 12248 (lae), Szent-Ivany BMF 5 (bish, lae),

BMF 5A (bish, lae), Womersley & Sleumer NGF 13906 (l, lae), NGF 13918
(canb, nsw); above Bakaia, about 15 miles SW of Garaina, Hartley 12738
(canb). Papua. Southern Highlands District: Lei Camp, SE slope of Mt.
Ambua, Lat. 5° 55' S., Long. 143° 10' E., Frodin NGF 26990 (l, lae, nsw),
NGF 28318 (canb); Ibiwara & vicinity, Gillison NGF 25121 (canb), NGF
25145 (canb), Vink 17198 (canb); between Margarima River and Ibiwara
River, Vink 17512 (canb); Mt. Ne, Frodin NGF 26970 (canb), Kalkman
4910 (canb, uc); Mt. Giluwe, Schodde 2009 (canb), 2112 (canb). Central
District: Murray Pass & vicinity, Wharton Range, Brass 4516 (a, k, l, ny,

uc, us), Foreman NGF 45559 (canb), Ridsdale NGF 36952 (canb), van Royen
NGF 20452 (canb); main range NW of The Gap, Carr 15224 (a, l, ny).
Milne Bay District: Mt. Mon, E of Bonenau village, Lat. 9° 53' S., Long. 149°

20' E., Pullen 8030 (canb); Mt. Wadimana eastern Mt. Simpson Range,
Schodde 5473 (canb).

The epithet murina refers to a mousy odor detected by Ridley from the

freshly boiled flowers.

Collections from elevations above about 3000 meters tend to have more
coriaceous and often smaller leaflets and larger flowers than those from
lower elevations. Thus Lauterbach's syntypes of Acronychia wickmannii,
all from 3000 meters or higher, appeared quite distinct when compared, as

was the case, with only the description of the type of A. murina, collected

from 2490 meters. Now, with collections available from elevations ranging
from 1500 to 3260 meters, it is evident that the former cannot be maintained
as a distinct species.

Acronychia emarginata is the closest relative of A. murina, the former
differing in having predominantly trifoliolate leaves, smaller flowers, and
thinner, usually shorter pedicels. There also appear to be different habitat

preferences in the two species, the former being collected at elevations
ranging from 1760 to 2370 meters compared to a range of 1500 to 3260
meters for the latter. At the only station where both species were collec-

ted, Mt. Ne, in the Southern Highlands of Papua, A. emarginata was
found in Nothojagus forest at 2010 meters and A. murina in upper mon-
tane forest at 2790 meters.
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nchlets glabrous, often subtet ruinous

led from narrow ridges or very thin

wings of decurrent petiole bases. Leaves trifoliolate (occasional leaves uni-

foliolate); petiole glabrous, 1-3 cm. long; leaflets chartaceous to subcori-

aceous, glabrous, elliptic-oblong to obovate to oblanceolate, 1.7-7 cm. long,

0.7-2.8 cm. wide, base cuneate to attenuate, main veins 7-9 on each side

of the midrib, apex rounded to obtuse or occasionally emarginate. In-

florescences few-flowered, 1-5.5 cm. long, axes and branches glabrous.

Flowers 3.5-4.5 mm. long; pedicels glabrous to glabrate, 2-9 mm. long;

sepals glabrous, rounded to obtusely triangular, 0.5 mm. long, 0.8 mm.
wide; petals glabrous; disc glabrous, 0.5-1 mm. high, about 1 mm. wide;

ovary glabrous, without septicidal fissures; style glabrous throughout or

with a few hairs only at the base. Fruits yellowish white to white, drying

reddish brown, glabrous, without septicidal fissures, subglobose to elliptic

in outline, drying four-lobed, 4-5 mm. wide, base obtuse, often on

a stipe about 0.5 mm. high formed from the disc, apex rounded; epicarp

drying less than 0.5 mm. thick, semifleshy, without evident mesocarp;

endocarp subcartilaginous. Seeds dark reddish brown, 3-4.5 mm. long.

Guinea and Papua

West Irian. Wissel Lake> & vicinity. Exma 5405 (D. Vink & Schram BW
8674 (l), BW 8991 (l). Territory of New Guinea. Eastern Highlands Dis-

trict: upper Asaro Valley about 4 miles E of Kwonggi, Puilen 520 (canb,

neotype). Papua. Western District: Kiunga Subdistrict, headwaters of Ok Tedi

River, Henty, Foreman & Galore NGF 42824 (canb). Southern Highlands
District: 6 miles W of Mt. Xe. Tari, Frodin NGF 28399 (canb).

Of the six collections at hand, the three from the Wissel Lakes area of

West Irian seem to represent a minor variant, all being shrubs with in-

florescences 1-2 cm. long, flowers 3.5 mm. long, and pedicels 2-3 mm. long.

The three collections from eastern New Guinea are more typical of the

species, all being small trees with inflorescences 2.5-5.5 cm. long, flowers

4.5 mm. long, and pedicels 4.5-9 mm. long.

Lauterbach's description, based on a single collection, matches closely

the specimen chosen as a neotype. The type, Ledermann 11845, from 2070

meters on Schrader Mountain (Madang District, Territory of New
Guinea), was apparently destroyed at Berlin during World War II. No
isotypes have been seen.

A collection from the Northern District of Papua. Puilen 5840, seems

closely related to this species but differs in having broader, long-acuminate

leaflets. It has immature fruits only, however, and cannot be placed with

certainty. In the Index to Exsiccatae it is listed as Acronychia aff.

emarginata.
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14. Acronychia schistacea Hartley, sp. nov.

Arbor gracilis usque 4 m. alta vel frutex scandens; ramulis novellis pu-

berulis vel subtiliter pubescentibus ; foliis unifoliolatis; petiolo subtiliter

pubescenti vel puberulo, mox glabra, 0.6-2 cm. longo; foliolo chartaceo

vel subcoriaceo, subtus puberulo vel glabrato, in sicco griseo-viridi vel

olivaceo, supra glabra, in sicco schistaceo (saltern ubi novello), elliptico

vel subcoriaceo, subtus puberulo vel glabrato, in sicco griseo-viridi vel

usque 1.3 cm. longo; inflorescentiis unifloris vel paucifloris, 1-2 cm.

longis, axi et ramulis subtiliter pubescentibus; floribus 5-9 mm. longis,

pedicellis puberulis vel subtiliter pubescentibus, 1-4 mm. longis; sepalis

puberulis, rotundatis, 1-1.2 mm. longis, 1.5-2 mm. latis; petalis glabris;

disco glabra, 0.5-0.6 mm. alto, 1.2-2 mm. lato; ovario glabra, sine fissuris

septicidalibus; stylo omnino glabra vel tantum basin versus pubescenti;

fructibus aurantiacis, in sicco rubiginosis, glabris, sine fissuris septicidali-

bus, subglobosis, ca. 10 mm. latis, basi et apice rotundatis; epicarpio in

sicco minus quam 0.5 mm. crasso, semicarnoso, mesocarpio non evidenti;

endocarpio pergamentaceo ; seminibus rubiginosis vel nigricantibus, ca. 5

mm. longis. Holotypus: Brass 24852 (canb). Figure 6.

Papua. Milne Bay District: Maneau Range, Mt. Dayman, Brass 22994 (a),

23204 (canb, us); Goodenough Island, Brass 24793 (a, lae), 24828 (a, l, lae),

24852 (canb, holotype; us, isotype).

The collections from Mt. Dayman differ from those from Goodenough

Island in being climbers with flowers about 5 mm. long and pedicels about

1 mm. long, while the plants of Goodenough Island are small trees with

flowers 8-9 mm. long and pedicels about 4 mm. long.

Acronychia schistacea and the next six species, all narrow endemics in

the mountains of New Guinea, have probably evolved from a common
widespread ancestor. Their apparent interrelationships may seem unlikely,

however, when their distributions are considered. Such is the case with A.

schistacea, which, on morphological grounds, appears to be most closely

allied to A. papuana, known only from the Vogelkop Peninsula at the op-

posite end of New Guinea. The former species differs from the latter in

having glabrous petioles, smaller fruits, and generally smaller leaves. In

both species the tendency for blue-gray leaves is apparent (in dried condi-

tion).

Small tree; branchlets glabrous. Leaves unifoliolate
;
petiole glabrous,

0.35-0.8 cm. long; leaflet subcoriaceous, glabrous, usually drying some-

what blue-gray above, especially when young, elliptic, 2.5-6 cm. long,
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1.2-2.6 cm. wide, base acute to cuneate, main veins 7-9 on each side of the

midrib, apex acuminate, the acumen about 0.7 cm. long. Inflorescences

1- to few-flowered, 0.7-1.3 cm. long, axes and branches glabrous. Flowers

about 4.5 mm. long; pedicels glabrous, 2-3.5 mm. long; sepals sparsely

puberulent, obtusely deltoid, 0.4 mm. long, 0.8 mm. wide; petals glabrous;

disc glabrous, 0.4 mm. high, 1.2 mm. wide; ovary glabrous throughout or

with a few hairs only at the apex, without septicidal fissures; style with a

few hairs toward the base, otherwise glabrous. Fruits drying dark brown,

glabrous, without septicidal fissures, subglobose, about 6 mm. wide, base

and apex rounded, epicarp drying less than 0.5 mm. thick, semifleshy, with-

out evident mesocarp; endocarp pergamentaceous. Seeds dark reddish

brown, about 4 mm. long.

Distribution. Known only from the type collection.

Actonychia papuana is apparently most closely related to A. arjakensis,

from which it differs in habit and in having larger, acuminate leaflets.

Possibly these differences are environmentally induced, but whether this is

the case cannot be determined with the few collections at hand.

Prostrate or erect shrub to 3 m.; branchlets glabrous. Leaves unifolio-

late; petiole glabrous, 0.3-0.8 cm. long; leaflet coriaceous, glabrous, ellip-

tic to obovate to suborbicular, 1.4-3 cm. long, 0.6-2.1 cm. wide, base acute

to rounded, main veins 6-8 on each side of the midrib, apex acute to round-

ed. Inflorescences 1- to few-flowered, 0.4-1.2 cm. long, axes and branches

glabrate. Flowers about 6 mm. long; pedicels glabrate, about 2 mm. long;

sepals glabrate, rounded, 0.6 mm. long, 1 mm. wide; petals glabrous; disc

glabrous, 0.5 mm. high, 1.7 mm. wide; ovary glabrous throughout or with a

few hairs only at the apex, without septicidal fissures; style glabrous

throughout or with a few hairs only at the base. Fruits drying dark red-

dish brown, glabrous throughout or with scattered hairs only at the apex,

without septicidal fissures, subglobose to ellipsoid, about 7 mm. wide, base

rounded, apex slightly apiculate; epicarp drying to less than 0.5 mm. thick,

semifleshy, without evident mesocarp; endocarp pergamentaceous. Seeds

reddish black, about 3.5 mm. long.
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17. Acronychia similaris Hartley, sp. nov.

Frutex interdum scandens ca. 1 m. altus; ramulis novellis subtiliter pub-

escentibus; foliis unifoliolatis; petiolo subtiliter pubescenti, mox glabro,

0.5-1.2 cm. longo; foliolo subcoriaceo, subtus subtiliter pubescenti vel gla-

brato, supra glabro, elliptico vel elliptico-oblongo, 3.5-8 cm. longo, 1.5-3.5

cm. lato, basi obtuso vel cuneato, venis primariis utrinsecus costa 9-10,

apice obtuse acuminato, acumine 0.5-1 cm. longo; inflorescentiis

paucifloris, ca. 2 cm. longis, axi et ramulis subtiliter pubescentibus;

floribus 3.5-4 mm. longis, pedicellis subtiliter pubescentibus, 1-2.5

mm. longis; sepalis puberulis, triangularibus, 0.8 mm. longis, 0.9 mm. latis;

petalis abaxialiter puberulis, adaxialiter glabris; disco glabro, ca. 0.5 mm.
alto, ca. 1 mm. lato; ovario pubescenti, sine fissuris septicidalibus; stylo

basin versus pubescenti, aliter glabro; fructibus albis, in sicco rubiginosis,

sparse adpresse pubescentibus, sine fissuris septicidalibus, subglobosis, ca.

6 mm. latis, basi rotundatis, apice apiculatis, apiculo ca. 0.5 mm. longo;

epicarpio in sicco minus quam 0.5 mm. crasso, semicarnoso, mesocarpio

non evidenti; endocarpio pergamentaceo ; seminibus atro-rubiginosis, ca.

3.5 mm. longis. Holotypus: van Royen & Sleumer 7910 (k). Figure 7.

Distribution. Known only from the type locality; primary and second-

ary montane rain forests at 1650 meters.

West Irian. Vogelkop Peninsula: Nettoti Range, Mt. Nettoti, van Royen

& Sleumer 7910 (k, holotype; canb, isotype), Versteegh BW 10398 (l).

The epithet similaris refers to the close relationship of this species to

Acronychia arjakensis. The two are distinguishable by the larger leaflets,

pubescent petioles, and pubescent ovary and fruit in the former.

The collection van Royen & Sleumer 7085, from the Aifat River Valley,

Vogelkop Peninsula, appears to be closely related to this species, differing

mainly in having trifoliolate leaves. A positive identification is not pos-

sible, however, since the flowers (in bud only) are stung and abnormal and

there is no fruit.

18. Acronychia kaindiensis Hartley, sp. nov.

Arbor parva usque 6 m. alta vel frutex; ramulis novellis puberulis vel

subtiliter pubescentibus; foliis unifoliolatis; petiolo puberulo vel subtiliter

pubescenti, mox glabro, 0.3-1.5 cm. longo; foliolo subcoriaceo vel coriaceo,

glabro (costa interdum puberulo), ovato vel elliptico-oblongo, 3-7 cm.

longo, 1.2-3 cm. lato, basi acuto vel rotundato, venis primariis utrinsecus

costa 9-11, apice obtuso vel obtuse vel subacute acuminato, acumine

usque 0.7 cm. longo; inflorescentiis unifloris vel paucifloris, 0.7-2 cm. longis,

axi et ramulis puberulis vel subtiliter pubescentibus; floribus 7-8.5 mm.

longis, pedicellis puberulis vel subtiliter pubescentibus, 2-3.5 mm. longis;

sepalis puberulis vel subtiliter adpresse pubescentibus, obtuse triangulari-

bus, 1-1.4 mm. longis, 1.5 mm. latis; petalis abaxialiter subtiliter adpresse

pubescentibus, adaxialiter sparse pubescentibus vel glabris; disco glabro,

ca. 0.7 mm. alto ca. 1.5 mm. lato; ovario dense pubescenti, sine fissuris
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septicidalibus; stylo basin versus dense pubescenti, aliter glabra; fructibus

albis, in sicco rubiginosis, sparse pubescentibus, sine fissuris septicidalibus,

ambitu ellipsoidalibus vel subglobosis, ± 4-lobatis, 6-10 mm. latis, basi

truncatis vel rotundatis. apice rotundatis vel apiculatis, apiculo usque ca.

2.5 mm. longo; epicarpio in sicco minus quam 0.5 mm. crasso, semicarnoso,

mesocarpio non evidenti; endocarpio subcartilagineo ; seminibus atro-rubi-

ginosis vel nigricantibus, 3.5-4 mm. longis. Holotypus: Millar NGF
23669 (l). Figure 8.

Distribution. Known only from the type locality; primary and second-

ary montane rain forests from 1800 to 2100 meters.

Territory of New Guinea. Morobe District: Edie Creek-Mt. Kaindi area,

Brass 29563 (canb, us), Hartley 11682 (canb), Hartley leg. Sayers 12610

(canb), Kairo & Streimann NGF 30851 (canb), Kanis & Coode NGF 40171

(l, lae), Millar NGF 23654 (l. lae), NGF 23669 (l, holotype; lae, isotype),

Ridsdale NGF 30251 (l, lae), Sayers NGF 19939 (lae), Streimann NGF 30848

(bri, canb), Womersley NGF 24501 (canb), Womersley & Sleumer NGF

Acronychia kaindicnsis is apparently closely related to A. similaris, but

it differs in having larger fruits and flowers.

A flowering collection from Lake Trist about 35 miles southeast of Mt.

Kaindi {Henty NGF 29069) may be best placed here, although differing

in having glabrous petioles and smaller flowers with almost entirely glabrous

ovaries. It is listed in the Index to Exsiccatae as Acronychia cf. kain-

19. Acronychia normanbiensis Hartley, sp. nov.

Arbor usque 10 m. alta; ramulis glabris; foliis unifoliolatis; petiolo

glabra, 0.2-0.5 cm. longo; foliolo coriaceo, glabra, late elliptico vel obovato

vel suborbiculari. 3.5 -7 cm. longo. 2.5 5 cm. lato, basi obtuso vel rotundato,

venis primariis utrinsecus costa 7-8, apice rotundato vel interdum obtuso;

inflorescentiis paucifloris. 2-3 cm. longis. axi et ramulis glabratis; floribus

ca. 6.5 mm. longis, pedicellis glabris vel puberulis, ca. 3 mm. longis; sepahs

puberulis, late rotundatis, 0.8 mm. longis, 1.5 mm. latis; petalis abaxialiter

subtiliter adpresse pubescentibus, adaxialiter glabris; disco glabra, ca. 0.5

mm. alto, ca. 1.5 mm. lato; ovario dense pubescenti, sine fissuris septi-

cidalibus; stylo basin versus pubescenti, aliter glabra; fructibus luteis, in

sicco rubiginosis, sparse pubescentibus, mox glabris, sine fissuris septicidali-

bus, subpyriformibus, ca. 8 mm. latis, basi obtusis, apice rotundatis; epi-

carpio in sicco minus quam 0.5 mm. crasso, semicarnoso, mesocarpio non

evidenti; endocarpio subcartilagineo; seminibus nigricantibus, ca. 3.5 mm.

longis. Holotypus: Brass 25746 (us). Figure 9.

Distribution. Known only from the type locality; stunted mountain

summit rain forest; 820-950 meters.

Papua. Milne Bay District: Normanby Island, Mt. Pabinama. Brass 25746

(us, holotype; a, l, lae, isotypes). 25787 (a, l, lae).
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Acronychia normanbiensis is probably quite closely related to A. kain-

diensis, although the highly modified leaves of the former give that species

a very different appearance. The flowers and fruits of the two plants are

remarkably similar.

The collection Brass 25759, from the type locality, almost certainly be-

longs here but is listed in the Index to Exsiccatae as Acronychia cf.

normanbiensis since the flowers are abnormal. Some of the leaflets in this

collection are larger (to 10 cm. long) than in the collections of A. norman-

biensis and have petioles to 2 cm. long.

20. Acronychia brassii Hartley, sp. nov.

Frutex usque 3 m. altus; ramulis novellis glabris vel subtiliter pubes-

centibus; foliis unifoliolatis; petiolo glabro vel subtiliter pubescenti, mox
glabro, 0.5-2.5 cm. longo; foliolo subcoriaceo vel coriaceo, glabro, oblanceo-

lato et 3-4 plo longiore quam lato vel interdum obovato vel elliptico, 3-15

cm. longo, 1.2-4.8 cm. lato, basi cuneato vel interdum acuto vel obtuso,

venis primariis utrinsecus costa 8-15, apice obtuse vel acute acuminato

(acumine usque ca. 1 cm. longo) vel interdum obtuso; inflorescentiis uni-

floris vel paucifloris, 0.7-1.5 cm. longis, axi et ramulis glabratis vel sparse

adpresse pubescentibus ; floribus 3.5-4.5 mm. longis, pedicellis glabratis

vel sparse adpresse pubescentibus, 1-2 mm. longis; sepalis puberulis vel

sparse adpresse pubescentibus, rotundatis vel obtuse triangularibus, 0.5-0.8

mm. longis, 0.8-1.3 mm. latis; petalis abaxialiter glabris vel puberulis,

adaxialiter glabris, in fructu saepe semipersistentibus ; disco glabro,

0.3-0.4 mm. alto, 1-1.2 mm. lato; ovario omnino glabro vel apice sparse

pubescenti, sine fissuris septicidalibus ; stylo omnino glabro vel tantum basi

sparse pubescenti; fructibus albis, in sicco atro-rubiginosis, glabris, sine

fissuris septicidalibus, ambitu subglobosis, ± 4-lobatis, 7-10 mm. latis,

basi et apice rotundatis; epicarpio in sicco minus quam 0.5 mm. crasso,

semicarnoso, mesocarpio non evidenti; endocarpio subcartilagineo ; semini-

bus nigricantibus, ca. 3.5 mm. longis. Holotypus: Rob bins 924 (canb).

Figure 10.

tane rain forests from

Territory of New Guinea. Western Highlands District: Wankl village,

about 5 km. SE of Mt. Hagen, Hoogland & Pullen 5800 (canb) ; Mt. Kum, near

Mt. Hagen, Womersley NFG 9427 (a, canb); Jimmi Divide, Robbins 599

(canb); Nondugl & vicinity, Womersley NGF 4364 (a, lae), NGF 4490 (a,

lae), NGF 4873 (lae); Rubor Ranges between Kuli and Minj, Robbins 539

(canb); Rubor Range, Uinba, Nona-Minj Divide, Vink 16517 (canb, p)-

Eastern Highlands District: Chuave-Chimbu Road near Kumul Mission,

Womersley NGF 14125 (lae); Daulo-Chuave Road, McKee & Floyd NGF
6340 (lae); Mt. Michael, Brass 31365 (canb, us), Womersley NGF 11383
(canb); Purosa, Okapa area, Brass 31633 (l, lae, us), 31724 (lae); near

Wanatabi, about 15 miles SW of Okapa, Hartley 13143 (canb); Kainantu-
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Okapa Road, Stauffer & Sayers 5606 (l, lae, nsw), Womersley NGF 24642

(canb), NGF 37188 (l, lae); Nemuka village, near Kainantu, Sayers 167

(canb); near Barola, Kainantu Road, Robbins 924 (canb, holotype) ; ridge

above Noreikora Swamp, Kainantu Subdistrict, Wheeler ANU 5881 (canb);

Saboa, Andandara villus Kai it - district \treimann NGF 23987 (lae);

Aiyura, McKee 1286 (l), Womersley, van Royen & Versteegh NGF 5998 (a,

l, lae), Womersley NGF 6026 (a, l, lae); 10 miles SE of Obura, Lat. 6° 40'

S., Long. 146° E., Hays 159 (lae).

This species, Acronychia brassii, is probably most closely related to A.

kaindiensis, but the two differ quite strongly in size and shape of leaves

and pubescence of ovary and fruit.

21. Acronychia wilcoxiana (F. Muell.) Hartley, comb. nov.

Pleiococca wilcoxiana F. Muell. Frag. Phytogr. Austral. 9: 117. 1875. Type:

Anonymous (?Wilcox), eastern Australia, between the Clarence and Bris-

bane Rivers.

Errerana wilcoxiana (F. Muell.) O. Ktze. Rev. Gen. PI. 937. 1891 (nomen

Small tree to about 9 m.; branchlets glabrous. Leaves unifoliolate

;

petiole glabrous, 0.6-3 cm. long; leaflet chartaceous to subcoriaceous.

glabrous, elliptic to elliptic-oblong or occasionally suboblanceolate or sub-

spatulate, 7-21 cm. long, 2.5-9 cm. wide, base narrowly cordate to obtuse

to cuneate, main veins 11-14 on each side of the midrib, apex rounded to

obtusely acuminate, the acumen to 0.5 cm. long. Inflorescences many-

flowered, 4-6.5 cm. long, axes glabrous, branches glabrous to short-pubes-

cent. Flowers 8.5-10 mm. long; pedicels glabrous, 0.5-3 mm. long; sepals

glabrous, broadly elliptic to suborbicular, 1.2-2.7 mm. long, 1.6-3 mm.

wide; petals glabrous; disc glabrous, about 0.6 mm. high, about 2 mm.

wide; ovary glabrous throughout or with dense, ascending pubescence at the

apex, 4- to 8-carpellate, with septicidal fissures extending for at least one

half the length ; style densely ascending pubescent toward the base, other-

wise glabrous. Fruits maturing white, drying reddish brown or blackish,

glabrous throughout or with a tuft of hairs at the apex, 4- to 8-carpellate,

with broad septicidal fissures extending for at least one half the length,

broadly ovate, conical or subglobose in outline, 4- to 8-lobed, 8-15 mm.

wide, base truncate, apex obtuse to acute; epicarp drying less than 0.5 mm.

thick, semifleshy, without evident mesocarp; endocarp cartilaginous or

subcartilaginous. Seeds dark reddish brown, about 4.5 mm. long.

Distribution. Fraser Island, Queensland, south to Gosford, New
South Wales; coastal scrub except for a few inland localities in New South

Wales. See Map 3.

Queensland. Wide Bay District: Fraser Island, Baxter 870 (bri), Petrie,

June, 1917 (bri), Webb & Tracey 6330 (bri); Noosa River ca. 23 miles NE of

Gympie, Smith 12118 (bri); Gympie, Kenny, 1905 (bri), Shirley (bri); Imbil,

McGillivray 499 (nsw); Kin K: i Smith \prfl 1944 (bri); Lake Cootharaba,

11 miles NE of Cooroy, Keys 67 (bri); Tewantin Forestry Reserve, Harrold,

April 1, 1964 (bri). Moreton District: Eumundi, Bailey & Gunn, June, 1895
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(bri)
; Blackall Range, Field X ':, ' f

> ( 'uh Excursion, April, 1918 (bri,

Yandina-Coolum Road, Williams, March. 1967 (bri); One Mile Creek, Lawnton.

Blake 2323 (bri), February 18, 1932 (bri). New South Wales. Tweed Heads

Kenny (bri); Murwillumbah. Watts. April. 1957 (nsw 127148); Myocum,
Mullumbimby District, Flowers, July. 1964 (nsw 127149); mouth of Bruns'

River, Brunswick Heads, Schodde & Hayes 3555 (ad, canb) ; Cape Byron.

Betche, March, 1896 (nsw 127150); Richmond River, Fawcett, 1877 (mel).

1878 (mel), Fletcher. February 26, 1892 (nsw 127152); Port Macquarie.

Cunningham 49 (k>; Hastings River. Heckler IkI; Comboyne, Chisholm, June.

1934 (nsw 126979); Forster, Rudder. March 15, 1S92 (nsw 127154), February

1895 (nsw 127155); Tiona Park via Forster. Monk. July. 1933 (nsw 127156)

upper Williams River. Fraser & Viekery. January 8. 1934 (nsw 127158), Rod-

way. August, 1935 (nsw); Seal Rocks, Brings, August 1, 1964 (nsw 127157)

Rodd & Jones 6S4 (nsw); Wyong, Boorman, March, 1899 (nsw 127159)

Ourimbah State Forest, de Beuzeville, March, 1918 (nsw 127160); Narara, near

Gosford, Froggatt. June. 1910 ( nsw 126991). Cultivated. New South Wales:
Elizabeth Bay House, Sydney, Joyce, June. 1917 (nsw 127163); Sydney Botanic

Gardens, Boorman, April, 1918 (nsw 127162). Chippendale. February 15. 1951

(nsw 127161). Without definite locality: between the Clarence and Brisbane

Rivers, Anonymous (?Wilcox) (mel, holotype of Pleiococca wilcoxiana F. Muell.;

bri, isotype).

The variable number of carpels in specimens of Actonychia wilcoxiana,

the type species of the monotypic genus Pleiococca, is unique in Acronychia.

all of the other species being consistently four-carpellate. There are no

other differences between the two genera, however, and therefore it seems

impractical to recognize Pleiococca as a distinct genus. Examination of

the specimens at hand revealed that the carpel number generally varies in

single collections from four to six, five to seven, or six to eight. The four-

carpellate condition occurs most frequently. I have not seen the nine-

carpellate condition mentioned by F. M. Bailey (Queensl. Fl. 1: 207, 208.

1899). Neither have I seen evidence that the carpels are tardily dehiscent

in fruit, as is stated by Mueller in the original description. Whether they

are or not, however, the seeds are still typical of Acronychia, lacking the

shiny, crustaceous outer testa found in genera, such as Euodia and Meli-

cope, with dehiscent carpels.

The relationship of Acronychia wilcoxiana to other species of the genus

is difficult to determine. In the leaves and branchlets it seems rather close

to A. acidula, but in the ovary and fruit the two are quite different, the

latter species lacking septicidal fissures.

The distribution in New South Wales, with a disjunction between the

Richmond River and Port Macquarie, is puzzling but does not appear to

be taxonomically significant.

22. Acronychia acidula F. Muell. Phytogr. Austral. 4: 154. 1864.

Type: Dallachy, Queensland, North Kennedy District, Rockingham

Bay.

Jambolifera acidula (F. Muell.) O. Ktze. Rev. Gen. PI. 1: 102. 1891.

Acronychia superba Domin, Bibliot. Bot. 22(89): 295. 1927. Type: Domtn

3406, February, 1910, Queensland, Cook District, Allumbah (Yungaburra)

.
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Medium to large tree to about 27 m.; branchlets glabrous. Leaves uni-

foliolate; petiole glabrous, 2-7 cm. long; leaflet chartaceous to subcoria-

ceous, glabrous, elliptic, 8-23.5 cm. long, 4.3-12 cm. wide, base rounded to

acute or occasionally cuneate, main veins 10-14 on each side of the mid-

rib, apex obtuse to obtusely acuminate, the acumen to 1 cm. long. In-

florescences several- to many-flowered, 5-9 cm. long, axes and branches

glabrous. Flowers about 9.5 mm. long; pedicels glabrous, 2-2.5 mm. long;

sepals glabrous, broadly rounded, 1.5 mm. long, 2.5 mm. wide; petals gla-

brous; disc glabrous, about 0.5 mm. high, about 3 mm. wide; ovary gla-

brous, without septicidal fissures; style densely pubescent toward the base,

otherwise glabrous. Fruits white to cream, drying brown or blackish,

glabrous, without septicidal fissures, subglobose to broadly conical in out-

line, 4-lobed when mature, 10-14 mm. wide, base usually truncate, apex

rounded to acute; epicarp drying less than 0.5 mm. thick, semifieshy and

with spongy-crustaceous mesocarp differentiated between the locules;

endocarp cartilaginous, densely resin-dotted. Seeds blackish, about 4.5

mm. long.

Distribution. Northeast Queensland from the Atherton Tableland

south to the Eungella Range west of Mackay; upland rain forests to about

900 meters. See Map 3.

Queensland. Cook District (all on the Atherton Tableland) : Danbulla, Webb
& Tracey 7222 (bri) ; Tinaroo Range, Danbulla Road, Moriarty 819 (bri)

;

Atherton, Betche, August, 1901 (nsw 127100); Wongabel, Tardent x277 (bri);

Barron, Webb 2088 (canb) ; East Barron, Webb 749 (canb) ;
Bromfield Crater,

Brass 33485 (bri); Yungaburra, Domin 3406 (pr, holotype of Act onychia

superba Domin), White, January, 1918 (bri); Lake Eacham, Briggs 1925 (nsw),

Helms 1204 (a); Peeramon, Horsey (bri); Gadgarra, Francis, March, 1932
' u), Kajewski 1049 (bri, nsw. xy). White 1564 (a, bri, nsw); Malanda,

Blake 15157 (bri); Glen Allyn, Malanda, Hayes (bri). North Kennedy
District: Rockingham Bay, Dallachy (mel, holotype of Acronychia acidula

" Muell.; k, nsw, isotypes). South Kennedy District: Dalrymple Heights

vicinity, Clemens, July-November, 1947 (bri, canb), August-October, 1947

ti, mich, ny, uc); Eungella Range via Mackay, Francis, October 3-12, 1922

tl). Without definite locality: Webb 5043 (canb).

A report of this species from New South Wales (Maiden & Betche, Cen-

sus New South Wales PI. 118. 1916) was probably based on misidentified

Acronychia wilcoxiana.

Domin refers to Acronychia acidula in his description of A. superba but

does not explain why he considers the two distinct. To me they are ob-

viously conspecific.

3. Acronychia aberrans Hartley, sp. nov.

Arbor parva vel mediocris; ramulis glabris, internodiis novellis 4-angu-

itis et concave compressis; foliis unifoliolatis; petiolo glabro, 1.5-5.5 cm.

longo; foliolo coriaceo, glabro, elliptico vel late oblanceolato, 6-23 cm.

longo, 3-10.3 cm. lato, basi cuneato vel interdum obtuso, venis primariis
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utrinsecus costa 10-13, apice obtuso; inflorescentiis paucifloris, ca. 4 cm.

longis, axi et ramulis glabris; floribus 8 mm. longis, pedicellis glabratis, ca.

5 mm. longis; sepalis glabratis, late triangularibus, 1.2 mm. longis, 1.5 mm.
latis; petalis abaxialiter pubescentibus, apicem versus adaxialiter pubes-

centibus; disco glabro, 0.6 mm. alto, 2.2, mm. lato; ovario apice dense

pubescenti, aliter glabro, sine fissuris septicidalibus ; stylo basin versus

dense pubescenti. aliter glabro; fructibus luteolis, in sicco brunneis, glabris,

sine fissuris septicidalibus, subglobosis vel late pyriformibus, 13-18 mm.
latis, basi anguste truncatis, apice rotundatis vel parum depressis; epi-

carpio in sicco 2.5-3.5 mm. crasso, mesocarpio semicarnoso; endocarpio

cartilagineo ; seminibus pallide rubiginosis, longitudinaliter rugosis, 6-7

mm. longis. Holotypus: Hyland 998 (bri). Figure 11.

Distribution. Cook District, Queensland; rain forests from 720 to

about 900 meters.

. Cook District: Mt. Spurgeon, White 10678 (a, bm, bri, p,

Atherton Tableland, Forest Reserve 310, Hyland 998 (bri, holotype),

(bri), 2191 (bri), 6703 (canb).

Acronychia acidula may be the closest relative of A. aberrant, having

rather similar fruits and leaves, but the relationship does not appear to

be particularly close.

24. Acronychia vestita F. Muell. Frag. Phytogr. Austral. 4: 155. 1864.

Type: Dallachy, June 1, 1864, Queensland, North Kennedy District,

Rockingham Bay, Dalrymple Creek.

Jambolijera vestita (F. Muell.) O. Ktze. Rev. Gen. PI. 1: 102. 1S91.

Tree to 21 m.; younger branchlets densely to rather sparsely short-

pubescent. Leaves unifoliolate; petiole sparsely to densely pubescent. 1-4

cm. long; leaflet chartaceous, sparsely to rather densely pubescent below,

glabrous above or with sparse hairs on the midrib, usually elliptic or ellip-

tic-obovate but grading to elliptic-oblong or obovate, 8-23 cm. long, 3.8-1 1.5

cm. wide, base narrowly cordate to obtuse, main veins 10-16 on each side

of the midrib, usually rather pronounced below and impressed above, apex

rounded to obtusely acuminate, the acumen to 1 cm. long. Inflorescences

many-flowered, 5-7 cm. long, axes and branches sparsely to rather densely

short-pubescent. Flowers 6.5-8 mm. long; pedicels glabrate to sparsely

short-pubescent, 3-4.5 mm. long; sepals glabrous, obtusely triangular to

broadly rounded, 0.6-0.7 mm. long, 1.2-1.5 mm. wide; petals glabrous; disc

glabrous, 0.3-0.5 mm. high, 1.2-1.4 mm. wide; ovary densely pubescent at

the apex, otherwise glabrous, without septicidal fissures; style densely

spreading-pubescent toward the base, otherwise glabrous. Fruits pale yel-

low, drying reddish brown or blackish brown, glabrous throughout or

pubescent only at the apex, without septicidal fissures, irregularly rough-
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ened and often rather deeply and irregularly constricted and/or fissured,

pyriform, subglobose or elliptic in outline, often slightly 4-lobed, about

1 5 mm. wide, base obtuse to truncate, apex acute to rounded, occasionally

apiculate, the apiculum to 3 mm. long; epicarp drying 1-2 mm. thick,

with subwoody mesocarp; endocarp cartilaginous. Seeds dark reddish

brown, 5-5.5 mm. long.

Distribution. Northeast Queensland from Cairns south to Rockingham

Bay; rain forests to about 900 meters. See Map 5.

Queensland. Cook District: Cairns, Bailey (nsw) ; Behana Creek, Bailey,

Meston's Bellenden Ker Expedition, 1899 (bri) ; Rocky Creek, Atherton Dis-

trict, Bailey, June 29, 1899 (bri); Atherton, Bailey (bri, nsw), Webb 5052

(canb)
; Barron River, Cowley 49b (bri) ; Gadgarra, Francis, March, 1932 (bri),

Forest Officer Fuller 42G (bri), Jones 1507 (canb), White 1565 (a, bri, nsw);

Glen Allyn, Malanda, Hayes (bri); Boonjie, Jones 3880 (canb), Kajewski

1210 (a, bri, ny); Miriwinni, near Mt. Bartle Frere, Webb & Tracey 6678

(bri); Russell River, Sayer, 1886 (mel); Johnstone River, Michael 150 (bri);

Berner Creek, via Innisfail. dimming 68 (a); Innisfail, Michael 131 (gh)
;

Gregory Falls, lower Palmerston via Innisfail, Webb & Tracey 6835 (bri);

Lacey's Creek, El Arish, Jones 1269 (canb), 3193 (canb). North Kennedy
District: Clump Point, near Cardwell, White (nsw 127097); Mission Beach,

McKean MB 1 (bri, canb); near Cardwell, White (nsw 127098); Flagstone

Creek, Rockingham Bay, Dallachy, August 18, 1869 (mel) ;
Mackay (now

Tully) River, Rockingham Bay, Dallachy, March 28, 1866 (mel, w) ;
DalrymPle

Creek, Rockingham Bay, Dallachy, June 1, 1864 (mel, holotype; bm, bri, k,

nsw, isotypes); Dalrymple Gap, Rockingham Bay, Dallachy, July 10, 1865

(mel); Rockingham Bay, Dallachy, April 12, 1866 (mel). Without definite

locality: Webb 2089 (canb).

This species, Acronychia vestita, is probably most closely related to A.

acidula, but differs strongly in having roughened and often constricted and/

or fissured fruits. Also, the branchlets and leaves are pubescent in A.

vestita, glabrous in A. acidula.

25. Acronychia smithii Hartley, sp. nov.

Arbor parva vel mediocris usque 15 m. alta; ramulis glabris; foliis tri-

foliolatis; petiolo glabro, 1.5-4 cm. longo; foliolis chartaceis vel subcoria-

ceis, glabris, ellipticis vel elliptico-oblongis vel oblanceolatis, 5.5-11 cm.

longis, 1.8-4 cm. latis, basi cuneatis vel attenuatis, venis primariis utrin-

secus costa 10-12, apice obtusis vel obtuse acuminatis, acumine usque 0.7

cm. longo; inflorescentiis paucifloris, 1.5-5 cm. longis, axi et ramulis

puberulis; floribus ca. 9.5 mm. longis, pedicellis puberulis, 2.5-4 mm.
longis; sepalis dense adpresse pubescentibus, late rotundatis vel orbiculari-

bus, 2 mm. longis, 2.5-3.5 mm. latis; petalis abaxialiter dense adpresse

pubescentibus, adaxialiter glabris; disco glabro, ca. 0.5 mm. alto, ca. 2 mm.
lato; ovario omnino pubescenti vel tantum apicem versus pubescenti, sine

fissuris septicidalibus; stylo basin versus pubescenti, aliter glabro; fructi-

bus albis, in sicco rubiginosis, omnino adpresse pubescentibus vel tantum







1974] HARTLEY, ACRONYCHIA (RUTACEAE)

apicem versus adpresse pubescentibus,

vel subglobosis, ca. 12 mm. latis, basi re

tusis vel acutis; epicarpio in sicco ca. 1 mm. crasso, mesocarpio i

noso; endocarpio cartilagineo ; seminibus rubiginosis, ca. 3.5 mm
Holotypus: Hartley 12040 (canb). Figure 12.

Territory of New Guinea. Eastern Highlands District: Kumul Mission,

Chauve-Chimbu Road, Womersley NGF 14127 (a, canb, k)
;
Mt. Michael,

Womersley NGF 11720 (canb); Aiyura, Smith NGF 1105 (bish, bri, lae);

Aiyura Range, Womersley NGF 6049 (canb); above Akuna, Hartley 12040

(canb, holotype).

On the basis of fruit structure, Acronychia smithii and A. joveata, which

follows, appear to be rather closely related. They can easily be distin-

guished, however, the former having trifoliolate and the latter unifoliolate

Acronychia smithii is named in honor of Lindsay S. Smith (1917-1970),

Queensland and New Guinea rain forest botanist.

(To be concluded)
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26. Acronychia foveata Hartley, sp. nov.

Arbor parva usque 10 m. alta; ramulis novellis glabratis; foliis uni-

foliolatis; petiolo glabra vel glabrato, 1-2.5 cm. longo; foliolo chartaceo vel

subcoriaceo, glabra, obovato vel elliptico vel elliptico-oblongo, 7-13 cm.

longo, 3-6 cm. lato, basi rotundato vel obtuso vel cuneato, venis primariis

utrinsecus costa 7-10, apice obtuso vel obtuse acuminato, acumine usque

0.5 cm. longo; inflorescentiis unifloris, ca. 1.5 cm. longis. axi glabratis;

floribus 8.5-9 mm. longis, pedicellis glabratis, 1.5-2.5 mm. longis; sepalis

puberulis, late rotundatis, 1 mm. longis, 2 mm. latis; petalis abaxialiter

puberulis, adaxialiter glabris; disco glabra, 0.4 mm. alto, 1.2 mm. lato.

ovario apice dense pubescenti, aliter glabra, sine fissuris septicidalibus;

stylo basin versus dense pubescenti, aliter glabro; fructibus luteolis, in

sicco rubiginosis, manifeste foveatis, apice sparse pubescentibus, aliter

glabris, sine fissuris septicidalibus, late ovoideis, ca. 12 mm. latis, basi disco

persistenti annulari 1.5 mm. alto, 6 mm. lato, apice obtusis vel acutis;

epicarpio in sicco 2-3 mm. crasso, mesocarpio spongioso-crustaceo vel sub-

lignoso; endocarpio subcartilagineo ; seminibus nigricantibus, ca. 5 mm.

longis. Holotypus: Vandenberg, Katik & Kairo NGF 39820 (lae).

Figure 13.

Distribution. Territory of New Guinea (Morobe District) and Papua

(Southern Highlands District); montane rain forests from 1950 to 2400

Territory of New Guinea. Morobe District: Bulldog Track, Edie Creek.

Sayers NGF 21201 (canb). Papua. Southern Highlands District: 7 miles

from Kagaba Camp toward Mendi, Lat. 6° 5' S, Long. 143° 50' E., Vandenberg,

Katik & Kairo NGF 39820 (lae, holotype; l, isotype) ;
Ialibu, Womersley &

Woolliams NGF 37080 (l, lae), NGF 37090 (lae).

The outstanding characteristics of Acronychia foveata are the heavily

pitted fruit and persistent, annular disc.

Acronychia aberrans and A. vestita, both endemics of north Queensland.
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27. Acronychia cartilaginea Hartley, sp. nov.

Arbor 10 m. alta; ramulis novellis tomentosis: foliis unifoliolatis;

petiolo tomentoso, 2.5-4.5 cm. longo; foliolo subcoriaceo, subtus dense

pubescenti, supra praeter costa pubescenti glabro, elliptico, 12-20 cm.

longo, 5-8 cm. lato, basi obtuso. venis primariis utrinsecus costa 15, subtus

prominentibus, supra parum impressis, apice breviter acuminata, acumine

usque ca. 0.8 cm. longo infl >r< enti
|

ifloris ca 5 5 cm. longis, axi

et ramulis tomentosis; floribus ca. 9 mm. longis, pedicellis dense pubescenti-

bus. 5-10 mm. longis; sepalis dense pubescentibus, rotundatis, 2 mm.

longis, 2 mm. latis; petalis apicem versus abaxialiter pubescentibus, ad-

axialiter sparse pubescentibus; disco glabro. 0.3 mm. alto, 1.5 mm. lato;

ovario dense pubescenti, fissuris septicidalibus apicalibus; stylo basi

pubescenti. aliter glabro; fructibus in sicco brunneis, sparse pubescentibus,

fissuris septicidalibus apicalibus, ambitu late ellipticis, 4-angulatis, ca. 12

mm. latis, basi truncatis, apice rotundatis breviter apiculatis; epicarpio

in sicco 0.5 mm. crasso, mesocarpio spongioso; endocarpio crasse cartila-

gineo; seminibus atro-rubiginosis, ca. 4.5 mm. longis. Holotypus:

Frodin XGF 2S41 1 (lae). Figure 14.

Distribution. Known only from the type collectic

- of Acronychia cartilaginea,

msually thick, car:

endocarp. I have placed it here in the sequence because of its general

similarity, in the fruit, to Acronychia vestita, A. smithii, and A. joveata. It

could just as well, however, be placed next to Acronychia reticulata.

28. Acronychia pubescens (F. M. Bailey) C. T. White, Proc. Roy. Soc.

Queensl. 50: 68. 1939.

Acronychia melicopoides F. Muell. var. lasiantha F. Muell. Frag. Phytogr.

Austral. 7: 145. 1871. Type: C. Moore, New South Wales, Clarence River.

Melicope pubescens F. M. Bailey, Queensl. Dept. Agr. Bot. Bull. 9: 9. 1891.

Lectotype: Field Naturalists Club Excursion, March 1, 1891, Queensland,

Moreton District, Yandina.

Melicope pubescens F. M. Bailey var. superba Domin, Bibliot. Bot. 22(89):

843. 1927. Typi . D mm H 18 March, 1910, Queensland, Moreton District,

Tamborine Mt.

Small to medium tree to about 15m.; younger branchlets puberulent to

Leaves trifoliolate (occasional leaves unifoliolate, or, in a few

leaves entirely unifoliolate); petiole tomentose to glabrate,

. long; leaflets chartaceous to subcoriaceous, usually pubescent
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: or occasionally

btuse, main veins 9-13 on each side of the midrib, apex acu-

:umen to 2.3 cm. long) or occasionally obtuse. Inflorescences

flowered, 3-5.5 cm. long, axes and branches densely pubescent

Flowers 6.5-10 mm. long; pedicels tomentose, 1-4.5 mm.

long; sepals tomentose, obtusely triangular to suborbicular, 1-2.5 mm.

long, 1.5-2.5 mm. wide; petals densely appressed-pubescent to tomentose

abaxially, glabrous adaxially, semipersistent in fruit; disc glabrous, 0.3-0.7

mm. high, 1.6-2.5 mm. wide; ovary pubescent throughout or pubescent

only in the apical one third to one fourth, with septicidal fissures extend-

ing for about one half the length ; style densely spreading-pubescent toward

the base, otherwise glabrous. Fruits yellow, drying dark reddish brown,

pubescent throughout or only toward the apex, with septicidal fissures ex-

tending for at least one third the length, occasionally with two longitudinal

wings to about 8 mm. wide on each carpel, ellipsoid to subglobose, 12-20

cm. wide, base rounded to truncate, apex rounded to acute; epicarp drying

less than 0.7 mm. thick, semifleshy, without evident mesocarp; endocarp

cartilaginous. Seeds reddish brown, 4-4.5 mm. long.

F. M., Comprehensive Cat. Queensl PL t. 59.

Queensland. Darling Downs District: The Head, Killarney, Jones, Febru-

ary, 1960 (bri)
; Spring Creek Plateau, Goy & Smith 359 (bri)

;
E of Bald Mt„

about 23 miles E of Warwick, Smith 11456 (bri, canb) ; Mt. Superbus, Whaite,

August 22, 1949 (nsw 127066). Moreton District: Eumundi, Bailey & Sim-

monds, May, 1892 (bri, k, mel, nsw, uc), Kandler, August, 1931 (bri), Sim-

monds, June, 1895 (a) ; Blackall Range, Field Naturalists Club Excursion, March

1, 1891 (bri, mel), April, 1918 (bri, nsw); Yandina, Field Naturalists Club

Excursion, March 1. 1891 (bri, lectotvpe; mel, isotype), Shirley (a); Eudlo,

Bailey. March, 1891 (a); Mt Glorious Clemens January. 1945 (bri, GH, MICH,

ny, uc), Hoogland 5236 (canb), White 12071 (a, bri, us); Tamborine Mt,

Clemens, March, 1947 (bri, gh. jiicii. uc), Domin 5638 (pr, holotype of Melt-

cope pubescens F. M. Bailey var. superba Domin), Longman & White, February.

1917 (bri), Scortechini 15 (mel), Shirley, December, 1915 (nsw), Simmonds,

October, 1909 (bri, us), White 3338 (a), August 17, 1927 (a); Mudgeeraba,

Ledward, August, 1937 (bri); 4 miles S of Canungra, Williams, January 24, 1971

(bri); Lamington National Park, Johnson, May 21, 1951 (nsw 127068),

Schodde 3376 (canb), Smith 10934 (bri), Smith & Webb 3595 (canb), Tryon

& White, February, 1920 (a, nsw), Webb 2105 (canb), White 6026 (a, bri,

ny, uc), January, 1912 (bri); Springbrook, Clemens 43057 (a, us), White

6264 (bri). New South Wales. Acacia Creek, near Killarney, Queensland, Boor-

, May 15, 1947 (n
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Buchanan, August 6. 1066 (xsw 127073); upper Crystal Creek 7 miles X\V of

Murwillumbah, Clark, Pickard & Coveny 1590 (nsw); 3 miles S of Murwillum-

bah, Buchanan, April 16, 1966 (xsw 127075); Mt. Lindsay, XE of Kyogle, Con-

stable, May 25, 1949 (xsw 10541); near Kyogle, Jones. June, 1943 (nsw);

Whian Whian State Forest. C/ieel, September 6. 1926 (xsw 12 707 7), Johnson &
Constable, June 10. 1957 (a. xsw 42343). Olsen 301 (xswC Webb & Tracey,

1953-1958 (bri, canb) ; Lismore, Baeuerlen, April. 1S95 (a, k); Wollongbar,

Baeuerlen, March. 1893 (xsw 12707S); Marshall Falls, near Alstonville, Tanner,

September, 1911 (xsw 127079 & 127080); Tintenbar, Baeuerlen. April. 1S96

(xsw 127151), 531 (mel), 7S1 (u) ; Clarence River. Moore (mel, holotype of

Acronychia melicopoides F. Muell. var. lasiantha V . Muell.; K, xsw 127083,

isotypes), Wilcox, November. 1S75 (mei. i; XE of Clen limes District, end of

new Grafton Road deviation. Turner. February. 1955 (xsw 12 7081 ) ;
Poverty

Point, Xew England. Stuart i mel. nsw i ; Dorrigo & vicinity. CI, land, January 2i.

1918 (ad), Fraser. Januan- 2.^. 1934 (xsw 127000 & 127091 ), Heron, June, 1910

(xsw 127089), Maiden. December. 1S93 (xsw 127086), Tindale, March 3. 1944

(nsw 12708S). Walker, June. 1017 ( xsw 12 7087 ). White 7555 (hri), Williams.

August, 1963 (xsw 127085); Colt's Harbour. Boorman, May 26. 1909 (xsw

127084).

Melicope pubescens var. superba was previously placed in the synonymy

of Acronychia pubescens by White. Proc. Roy. Soc. Queensl. SO: 68. 1939.

Acronychia pubescens does not appear to be very closely related to any

of the other species of the genus. In characters of the fruit it is similar to

a number of other apparently primitive species, such as A. suberosa, A.

baeuerlenii, and A. icilcoxiana. but vegetatively it is quite distinct. A Xew
Guinean species, A. wabagensis, has similarly fissured, pubescent fruits

and may be the nearest relative.

The lectotype of Melicope pubescens is one of two collections (the other

being Field Naturalists Club Excursion, March 1, 1891. Yandina) cited in

the original description.

29. Acronychia wabagensis Hartley, sp. nov.

Arbor 12 m. alta; ramulis glabris; foliis trifoliolatis (foliis infrequenti-

bus unifoliolatis)
; petiolo glabro, 2 4.5 cm. longo; foliolis subcoriaceis,

glabris. elliptic]- ve] oblanceolatis 7 5 IS cm longis i 6 5 cm latis basi

cuneatis vel attenuate, venis primariis utrinsecus costa 9-11, apice obtusis

vel obtuse acuminatis, acumine usque 1 cm. longo; inflorescentiis pauci-

floris, 4 cm. longis. axi et ramulis puberulis; floribus 6.5-7 mm. longis,

pedicellis puberulis. ca. 5 mm. longis: sepalis puberulis, rotundatis, 1 mm.

longis, 2 mm. latis; petalis abaxialiter subtiliter adpresse pubescentibus,

adaxialiter sparse adpresse pubescentibus; disco glabro, 0.5 mm. alto, 2

mm. lato; ovario pubescenti, fissuris septicidalibus fere ad basin extensis;

stylo basin versus dense pubescenti. aliter glabro; fructibus albis. in sicco

rubiginosis, sparse adpresse pubescentibus, fissuris septicidalibus fere ad

basin extensis, ambitu subglobosis, valde 4-lobatis. ca. 7 mm. latis. basi

subtruncatis. apice apiculatis, apicuto 0.5-1 mm. longo; epicarpio in sicco

ca. 0.5 mm. crasso, mesocarpio spongioso-crustaceo :
endocarpio cartila-
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gineo; seminibus immaturis. Holotypus: Womersley NGF 11247 (a).

Figure 15.

Distribution. Known only from the type collection.

Territory of New Guinea. Western Highlands District: Porget logging

area 12 miles N of Wabag, 2100 m., Womersley NGF 11247 (a, holotype;

BISH, L, LAE, MEL, NSW, isotypes).

A rare species, Acronychia wabagensis is distinguished by having pubes-

cent ovary and fruit with septicidal fissures extending almost to the base.

As is mentioned above, A. pubescens may be its nearest relative.

30. Acronychia intermedia Hartley, sp. nov.

Arbor magna; ramulis glabris; foliis trifoliolatis; petiolo glabro, 3-5 cm.

longo; foliolis subcoriaceis, glabris, elliptico-oblongis vel sublanceolatis,

8-19 cm. longis, 3.5-5.5 cm. latis, basi cuneatis vel attenuatis, venis pri-

mariis utrinsecus costa 12-14, apice obtusis; inflorescentiis ca. 15-floris, ca.

5.5 cm. longis, axi et ramulis glabris: floribus 15-17 mm. longis, pedicellis

glabris, 2-5 mm. longis; sepalis glabris vel glabratis, late rotundatis, 1.5-2

mm. longis, 2.5-2.7 mm. latis; petalis abaxialiter puberulis, adaxiahter

glabris; disco glabro, 0.6 mm. alto, 2.2 mm. lato; ovario apice pubescenti,

aliter glabro, fissuris septicidalibus 1/3 vel 1/2 longitudine extensis; stylo

basin versus pubescenti, aliter glabro; fructibus (non plane maturi) in sicco

rubiginosis, apice pubescentibus, aliter glabris, fissuris septicidalibus ca.

1/3 longitudine extensis, subglobosis, 10 mm. latis, basi truncatis, apice

rotundatis; epicarpio in sicco ca. 2 mm. crasso, mesocarpico spongioso-

crustaceo; endocarpio cartilagineo ; seminibus non visis. Holotypus:

Brass 22918 (us). Figure 16.

Distribution. Known only from the type collection.

Papua. Milne Bay District: Mt. Dayman, Maneau Range, tall mossy forest.

2100 m., Brass 22918 (us, holotype; canb, isotype).

The epithet intermedia refers to the fact that this species is morphologi-

cally more or less intermediate between Acronychia wabagensis and A.

montana. It differs from the former in having ovary and fruit pubescent

only at the apex. From the latter it differs in having trifoliolate leaves.

31. Acronychia montana Hartley, sp. nov.

Arbor parva vel mediocris usque 17 m. alta; ramulis glabris; foliis uni-

foliolatis; petiolo glabrato, 0.8-3.5 cm. longo; foliolo subcoriaceo, glabro,

elliptico vel elliptico-oblongo. 5.5-16 cm. longo, 2.5-8 cm. lato, basi ro-

tundato vel obtuso vel cuneato, venis primariis utrinsecus costa 9-12, apice

rotundato vel obtuso vel obtuse acuminate acumine usque 1 cm. longo,

inflorescentiis paucifloris, 2-4 cm. longis, axi et ramulis glabris vel puberu-

lis; floribus 12-16 mm. longis. pedicellis glabris vel puberulis, 3-7 mm.

longis; sepalis glabris vel puberulis. late rotundatis, 1.5-2 mm. longis,
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2-3.5 mm. latis; petalis abaxialiter glabris vel puberulis, adaxialiter glabris;

disco glabra, 0.5-1 mm. alto, 1.6-2 mm. lato; ovario omnino glabra vel

tantum apice pubescenti, fissuris septicidalibus ca. 1/2 longitudine exten-

sis; stylo basin versus sparse vel dense pubescenti, aliter glabro; fructibus

luteolis, in sicco rubiginosis, omnino glabris vel tantum apice pubescenti-

bus, fissuris septicidalibus ca. 1/2 longitudine extensis, ambitu subglobosis,

saepe acute 4-angulatis, 8-9 mm. latis, basi truncatis, apice rotundatis vel

breviter apiculatis; epicarpio in sicco 1-1.5 mm. crasso, mesocarpio spon-

gioso-crustaceo ; endocarpio cartilagineo ; seminibus rubiginosis, ca. 4.5 mm.

longis. Holotypus: Pullen 440 (canb). Figure 17.

Distribution. Territory of New Guinea and Papua; montane rain

forests and cloud forests, 2100-2850 meters. See Map 5.

Territory of New Guinea. Western Highlands District: McNicoll-Anda-

bare Plateau SW of Laiagam, Robbins 3328 (canb) ;
headwaters of the Lagaip

River, Hoogland & Schodde 7557 (canb); Sirunki, E of Laiagam and N of

Yamara, Walker ANU 759 (canb) ;
4 miles SW of Kompiam, Flenley ANU

2804 (canb); Rubor Range above Kuli, Robbins 1120 (canb). Eastern High-

lands District: Mt. Wilhelm & vicinity, Brass 30377 (canb), Gillison & Strei-

mann NGF 30680 (canb)
;
Marafunga & vicinity, about 20 miles NW of Goroka,

Buderus NGF 23903 (canb), Collins W991 (lae). Grubb & Edwards 34 (lae),

Hartley 13228 (canb), Millar NGF 40660 (canb), Tuckwell 1 (lae); Asaro-

Mairifutica Divide y2 mile S of Daulo Camp, Pullen 440 (canb, holotype).

Morobe District: Wau, McAdam 238 (bri, lae). Papua. Southern High-

lands District: Lei Camp on track to Mt. Ambua, Frodin NGF 28102 (canb);

Kagaba Camp, Mt. Hagen-Mendi Road, Lat. 6° 5' S., Long. 143° Stf E.,

Vandenberg et al. NGF 40052 (canb). Central District: below The Gap, Can

15026 (a, k, l, ny), 15027 (a, k, l, ny), 15148 (a, l, ny).

A rather common species in the mountains of eastern New Guinea,

Acronychia montana may be distinguished from its closest relatives, A.

intermedia, A. carrii, and A. pullei, by its unifoliolate leaves.

32. Acronychia carrii Hartley, sp. nov.

Arbor mediocris vel magna usque 30 m. alta; ramulis glabris; foliis tn-

foliolatis; petiolo glabro, 2.7-5 cm. longo; foliolis subcoriaceis, glabris,

ellipticis vel elliptico-oblongis, 4-11.5 cm. longis, 1.8-5 cm. latis, basi cun-

eatis vel attenuatis, venis primariis utrinsecus costa 9-13, apice obtusis vel

obtuse acuminatis, acumine usque 0.5 cm. longo; inflorescentiis paua-

floris, 4.5-6 cm. longis, axi et ramulis glabris; floribus 10 mm. longis,

pedicellis glabris, 2-3 mm. longis; sepalis glabris, late rotundatis, 2 mm.

longis, 2.5-3 mm. latis; petalis glabris; disco glabro, 0.8 mm. alto, 2 mm.

lato; ovario glabro, sine fissuris septicidalibus; stylo basin versus pubes-

centi, aliter glabro; fructibus luteis, in sicco rubiginosis, glabris, sine

fissuris septicidalibus, subglobosis, ca. 10 mm. latis, basi et apice rotunda-

tis; epicarpio in sicco minus quam 0.5 mm. crasso. semicarnoso, meso-

carpio non evidenti; endocarpio subcartilagineo ; seminibus atro-brunneis

vel nigricantibus, ca. 4 mm. longis. Holotypus: C. E. Can 15249 (canb).

Figure 18.
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Acronychia carrii is apparently most closely related to .1. pullci. differing

in having shorter pedicels and smaller leaves. There also may be a fairly

close relationship to .1. trijolioluta var. mirrocarpa (q.v.).

33. Acronychia pullei Lauterb. Bot. Jahrb. 55: 250. 251. 1918; Nova

Guinea (Bot.) 14: 144. 1924. Type: Pulle 645. West Irian, Mt.

Hellwig.

Small to medium tree to 27 m.; branchlets glabrous. Leaves trifoliolate

(occasional leaves unifoliolate) ; petiole glabrous. 1.5-6 cm. long: leaflets

subcoriaceous to coriaceous, glabrous, elliptic to obovate to broadly

oblanceolate. 5.5-20 cm. long. 2.5-7.5 cm. wide, base obtuse to attenuate,

main veins 10-14 on each side of the midrib, apex rounded to obtuse or

occasionally obtusely acuminate, the acumen to 0.3 cm. long. Inflorescences

usually many-flowered. 4.5 S.5 cm. long, axes and branches glabrous.

Flowers 9-13 mm. long; pedicels glabrous to finely pubescent. 4-13 mm.

long; sepals glabrate to puberulent. broadly rounded, 1-1.5 mm. long,

2-2.2 mm. wide; petals glabrous to sparsely appressed-pubescent abaxially.

glabrous to appressed-pubescent adaxially; disc glabrous, 0.6-1 mm. high,

2-2.8 mm. wide; ovary glabrous, without septicidal fissures; style glabrous.

Fruits yellow, drying blackish, gabrous, without septicidal fissures, sub-

globose to subturbinate, 9-10 mm. wide, base rounded to narrowly trun-

cate, apex rounded or obtusely apiculate, the apiculum to 1 mm. long;

epicarp drying less than 0.5 mm. thick, semifleshy, without evident meso-

carp; endocarp subcartilaginous. Seeds gray-brown, about 4 mm. long.

West Irian. Mt. Hellwig. Pulle 645 (k, l, u, isotypes). Territory of New Guinea.

Western Highlwds Distkk i S miles M\ or W ibag S 'aiders 1045 (canb) ;

lower slopes of Mt. Hasien. Saunders 630 (canb, us). Eastern Highlands

District: Mt. Wilhelm. Iirass 30443 (canb. us). Stone LAE 53239 (lae),

Wade ANU 7335 (canb) ; Marafunga, about 20 miles NW of Goroka, Hartley

13262 (canb), Millar NGF 40671 (canb), NGF 40699 (canb); Daulo Camp,

Fallen 487 (canb, us). Morobe District: Mt. Sarawaket, Clemens 8342 (a);

Sambanga, Clemens 7750 (a. d ; Husu River. Clemens 6274 (a). Papua. Central

District: Mt. Tafa, Brass 4883 (a, ny).

The type collection of Acronychia pullei, from West Irian, differs from

the remaining material of this species, all of which is from eastern New

Guinea, in having fewer-flowered inflorescences with slightly longer, more
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34. Acronychia gurakorensis Hartley, sp. nov.

Arbor parva usque 6 m. alta; ramulis glabris; foliis trifoliolatis (foliis

frequentibus unii'oliolatis) : petiolo glabro. 3.5-7 cm. longo; foliolis char-

taceis, glabris. ellipticis, 9-16.5 cm. longis. 4-6.2 cm. Litis, basi cuneatis

vel attenuatis, venis primariis utrinsecus costa 8-12, apice acuminatis,

acumine usque 1.5 cm. longo; inflorescentiis unifloris vel paucifloris. 2.5-4

cm. longis, axi et ramulis glabratb: floribus 7-S mm. longis. pedicellis glab-

ratis. ca. 3.5 mm. longis; sepalis glabris. obtu>e triangularibus. 1 mm.
longis, 1.7 mm. latis: petalis glabris; disco glabro. 1 mm. alto. 1.8 mm. lato;

ovario pubescenti. sine fissuris septicidalibu>: stylo basin versus pubescenti,

aliter glabro; fructibus luteis. in sicco atmrubiginosis. mux glabris. sine

fissuris septicidalibus, subglobosis, ca. 20 mm. latis. basi rotundatis, apice

parum depressis; epicarpio in sicco minus quam 0.5 mm. crasso, senn-

carnoso, mesocarpio non evidenti; endocarpio subcartilagineo; seminibus

nigricantibus, ca. 5 mm. longis. Holotypus: Brass 2Q4S4 (us). Figure 19.

Distribution. Known only from the type locality; foothill rain forests

Acronychia gurakorensis is apparently closely related to A. macrocalyx

and .4. dimorphocalyx, the three having in common unusually large fruits

with semiflesln epi'carp [cronychia gurakorensis is distinguished from

the other two species by its smaller sepals.

35. Acronychia macrocalyx Hartley, sp. nov.

Arbor 13 m. alta; ramulis glabris: foliis trifoliolatis; petiolo glabro. 4-7

cm. longo: foliolis subo.riaceis. glabris. ellipticis. 9.5-17 cm. longis, 5-8.5

cm. latis. basi cuneatis. venis primariis utrinsecus costa 10-11, apice

obtusis; inflorescentiis paucifloris, 6-8 cm. longis. axi et ramulis glabris vel

glabratis; floribus 10 mm. longis pedicellis puberulis ca. 3.5 mm. longis;

sepalis puberulis. in fructu deciduis. late «>vatis vel suborbicularibus. 4.5 5

mm. longis. 4 5 mm. latis; petalis basin versus abaxialiter subtihter pubes-

centibus. adaxialiter glabris; disco glabro, 0.3 mm. alto, 2.4 mm. lato;

ovario apice pubescenti, aliter glabro. sine fissuris septicidalibus: stylo

basin versus pubescenti. aliter glabro : fructibus in sicco atro-brunneis. apice

subtiliter pubescentibus. aliter glabris. sine fissuris septicidalibus. sub-

globosis, ca. 18 mm. latis, basi et apice rotundatis; epicarpio in r™ '

0.8 mm. crasso, semicarnoso. mesocarpio I

cartilagineo ; seminibus (non plane maturi) rubiginosis.

Holotypus: Henty NGF 29016 (bri). Figure 20.

Distribution. Known only from the type collection.

Territory of New Guinea. Morobe District: Lake Trist. mossy fagaceous

forest, 1620 meters, Henty NGF 29016 (bri, holotype; caxb, lae. isotypes).
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I
; macrocalyx Hartley,

Acronychia macrocalyx differs from all other species of the genus in

having sepals that are deciduous early in fruit. This is an unusual char-

acter in this instance since at the stage of dehiscence the sepals are quite

thick and not at all withered as might be expected.
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36. Acronychia dimorphocalyx Hartley, nom. & stat. nov.

Acronychia trifoholata Zoll. & Mor. var. paiiciftora Val. Bull. Dept. Agr.

Ind. Neerl. 10: 23. 1907. Type: Atasrip (Wichmann Expedition) 175,

West Irian, Temena River.

Small tree 2 m.; branchlets glabrous. Leaves trifoliolate (occasional

leaves unifoliolate)
;
petiole glabrous, 3-12 cm. long; leaflets chartaceous to

subcoriaceous, glabrous, elliptic-oblong to narrowly oblanceolate, 12.5-22

cm. long, 3.5-5.5 cm. wide, base cuneate to attenuate, main veins 11-15 on

each side of the midrib, apex obtuse to acuminate, the acumen to 1 cm.

long. Inflorescences few-flowered, 5.5-6 cm. long, axes and branches gla-

brate to finely pubescent. Flowers 5.5 mm. long; pedicels finely pubes-

cent, 0.5 mm. long; sepals puberulent, strongly dimorphic, the outer pair

suborbicular, 4 mm. long, 4.5 mm. wide, the inner pair obovate, 3.5 mm.
long, 2.5 mm. wide; petals glabrate abaxially, glabrous adaxially, semi-

persistent in fruit; disc glabrous, 0.3 mm. high, 1.5 mm. wide; ovary

densely pubescent, without septicidal fissures; style pubescent toward the

base, otherwise glabrous. Fruits yellowish green, drying reddish brown,

glabrous at maturity, without septicidal fissures, subglobose, about 20 mm.
wide, base and apex rounded; epicarp drying less than 0.5 mm. thick, semi-

fleshy, without evident mesocarp; endocarp pergamentaceous. Seeds not

: from the Sorong District to

The two collections of this species differ greatly in leaf size: van Royen

3329 has petioles to 12.5 cm. long and leaflets to 22 cm. long, while the

Atasrip collection has petioles to 6 cm. long and leaflets to 12.5 cm. long.

Flowers and fruit (the latter immature in the Atasrip collection) of the

two collections are so similar, however, that it seems best to consider them

A new name is required here since the epithet pauciflora is pre-empted

at the level of species in Acronychia.

37. Acronychia trifoliolata Zoll. & Mor. in Zoll. Nat. Geneesk. Arch.

Xeerl. Ind. 2: 585. 1845. Type: Zollinger 2530, Java, Tengger prope

Gebok Klakka.

This species is extremely variable, having three nearly allopatric varie-

ties (see Maps 7 and 8) and a number of lesser entities, especially in the

typical variety. Although the fruits of the varieties differ greatly at the

extremes, there is, nevertheless, nearly complete intergradation in this

character. There are no clear-cut flower differences.
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,
epicarp drying 0.3-4 mm. thick,

mm. long; fruits 5-15 i

).3 mm. thick, semifleshy,

37a. Acronychia trifoliolata Zoll. & Mor. var. trifoliolata.

Anonychia halmaheirae Miq. Ann. Mus. Lugd.-Bat. 3: 245. 1867. Type:

Texsmann HB 5651, Moluccas, Halmahera.

Jambolijera trifoliata 0. Ktze. Rev. Gen. PI. 1: 102. 1891 (based on Acronychia

trifoliolata Zoll. & Mor.).

Acronychia atidrewsi Baker f. in Andrews, Monog. Christmas Isl. 174. 1900.

Type: Andrews, 1897, Christmas Island.

Small to medium tree to 25m.; branchlets glabrous. Leaves trifoliolate;

petiole glabrous or occasionally glabrate, 1.8-6.5 cm. long; leaflets charta-

ceous to subcoriaceous, glabrous, elliptic to elliptic-oblong or occasionally

obovate to oblanceolate, 5.5-19.5 cm. long, 1.7-7 cm. wide, base cuneate to

attenuate, main veins 9-16 on each side of the midrib, apex acuminate (the

acumen to 1.5 cm. long) or occasionally obtuse or rounded. Inflorescences

few- to many-flowered, 2-9 cm. long, axes and branches glabrous to puberu-

lent. Flowers 4.5-8 mm. long; pedicels glabrous to puberulent or occa-

sionally finely pubescent, 1.5-7 mm. long; sepals glabrous to puberulent

or occasionally finely pubescent, obtusely triangular to rounded, 0.7-1 mm.

long, 1 1.5 mm. wide; petals glabrous or occasionally sparsely to densely

appressed-pubescent abaxially, glabrous adaxially; disc glabrous to pubes-

cent, 0.5-1 mm. high, 1-1.5 mm. wide; ovary pubescent throughout or

pubescent only at the apex, with or without apical septicidal fissures; style

pubescent toward the base, otherwise glabrous. Fruits yellowish, drying

brown, reddish brown or blackish, glabrous throughout, pubescent only at

the apex, pubescent at the base and apex, or pubescent throughout, with or

without apical septicidal fissures, usually subglobose or ellipsoid but grad-

ing to ovoid, turbinate or pyriform, 5-13 mm. wide, base obtuse to rounded

or truncate, apex depressed to rounded to apiculate, the apiculum to 2

mm. long; epicarp drying 0.3-2 mm. thick, with woody or subwoody meso-

carp; endocarp cartilaginous, glabrous or rarely pubescent. Seeds reddish

brown to blackish, 2.5-4.5 mm. long.

Distribution. Java and Christmas Island east, discontinuously, to the

Solomon Islands; primary and secondary rain forests from sea level to

1750 meters. See Map 8.



Map 8. Distributions of Arrouyrlna triloliol.ilu /.oil. & Mor. v:ir. InMioUita elm., and .1. trijoliolata var. ampla Hart
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Java and neighboring islands. Western Java: Tjisokan, Tjidadap, Winckel 10
(l), 660/3 (u). Central Java: Mt. Oengarang, Medini, Junghuhn (l);

Jogjakarta District, Sleman, NIFS Ja 2573 (a, l) ; Djapara District Semand-
ing, NIFS Ja 3816 (a, l)

;
Mt. Moerjo, Tjolo, Kostermans 6247 (a, k, l) ; Mt.

Moerjo, Argodjembanga, Kostermans 6304 (a, l). Eastern Java: Pasoeroean

District, Malang, Djoenggo, NIFS Ja 1748 (l) ; Tengger prope Gebok Klakka,

Zollinger 2530 (g, isotype of Acronychia trijoliolata Zoll. & Mor.) ; Klatak

River, Mousset 1037 (l) ; Banjoewangi District, Mt. Leboeagoeng, NIFS Ja

2153 (l)
; Banjoewangi District, Mt. Deleman, NIFS Ja 2177 (l) ; Panaroekan

District, Kajoemas, NIFS Ja 3562 (a); Idjen, van Steenis 12004 (l). Without
definite locality: Junghuhn 274 (l), 274% (l), Koorders 6931/3 (l), 13126/3 (l).

Christmas Island: Andrews, 1897 (bm, holotype of Acronychia andrewsi Baker

f.; k, isotype), Kangean Island: N of Ardjasa, Backer 26924 (l). Bawean
Island: N of Soerabaja, Buwalda 3014 (NIFS Ja 4199) (a, l, ny). Lesser Sunda

Islands. Bali: Mt. Batukau, Dilmy 906 (k, l), Kostermans et al. KK&SS 106

(canb, l, us). Sumbawa: Batudulang, Batu Lanteh Mt., Kostermans 18087

(l); Olat Sekedit, Kuswata 129 (a, k, l). Flores: Ruteng & vicinity, Koster-

mans & Wirawan 754 (l), 860 (k, l), Schmutz 431 (l), 467 (l), 476 (l), 985

(l), 1077 (l), 1953 (l), Verheijen 2147 (l), 2350 (l), 2734 (l) ; Mt.

Ndeki, Kostermans & Wirawan 105 (l), 180 (k, l); without definite locality,

Schmutz 452 (l), 651 (l), 652 (l), 2095 (l), Verheijen 2046 (l). Alor: Kabola

Peninsula, Jaag 358 (l). Timor: Forbes 3893 (a, l), Metzner 262 (l). Wetar:
Elbert 4676 (canb, us). Celebes. Masamba, Omboan, NIFS bb 26292 (a, l)

;

Singkang, Noerkas Expedition van Vuuren 279 (l) ; Kendari and vicinity, Bec-

cari, July, 1874 (k), NIFS bb 24984 (a, l). Moluccas. Morotai, Kostermans

1146 (a, k, l, lae), 1155 (a, l), 1158 (l) ; Halmahera, De Vriese & Teysmann,

1859-1860 (a, l). Id,an & Much tar 291 ( d, Teysmann HB 5651 (k, l, U, iso-

types of Acronyci Miq.). West Irian. Vogelkop Peninsula:
Tamrau Range, Aifat River Valley, van Royen & Sleumer 7112 (canb, k)

;

Arfak Mts., Angi Gita Lake, Kostermans 2234 (a, k, l), 2429 (a, k, l). Papua

and neighboring islands. Louisiade Archipelago: Rossel Island, Abaleti, Brass

28294 (a, l, lae, us), 28377 (a, l, lae). Solomon Islands. Guadalcanal, Sorvarhio

Basin, Kajewski 2699 (a, bish).

There are several recognizable entities in this variety which are, to a

large degree, geographically distinct. They are listed below and their

morphological differences are shown in Table 1.

1. Java entity— includes all of the collections from Java and the

islands of Kangean, Bawean, Bali, Sumbawa, and Alor and the following

collections from the island of Flores: Schmutz 467, 651, 652, 1077, and

2095 and Kostermans & Wirawan 105 and 180.

2. Christmas entity— includes all of the collections from Christmas

Island, Timor, and Wetar and Noerkas Expedition van Vuuren 279 from

the Celebes. The single collection from Christmas Island is the type of

Acronychia andrewsi Baker f.

3. Flores entity— includes the following collections from the island of

Flores: Schmutz 431, 452, 985, and 1953; Verheijen 2046, 2147, 2350,

and 2734; and Kostermans & Wirawan 754 and 860.
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4. Moluccas entity— includes the collections from Kendari and
vicinity, in the Celebes, and all of the collections from the Moluccas
(among the latter the type collection of Acronychia halmaheirae Miq.).
Van Royen & Slcumcr 7112, from the Tamrau Range, West Irian, may
belong here, but is in immature fruit.

5. Arfak entity— includes the two collections from the Arfak Moun-
tains, West Irian.

6. Rossel entity— includes the two collections from Rossel Island.

Table 1. Morphological ^

Petals glabrous abaxially

Petals pubescent abaxially

Disc glabrous

Disc at least partially

pubescent

Ovary pubescent only at

Fruits 8-13 mm. wide
Fruit apex rounded to

apiculate

Fruit apex depressed

Endocarp glabrous

Endocarp pubescent

37b. Acronychia trifoliolata Zoll. & Mor. var. ampla Hartley, var.

Arbor parva vel mediocris usque 20 m. alta; ramulis novellis glabris vel

glabratis; folds trifoliolatis; petiolo glabro vel raro sparse puberulo, 2.5-9

cm. longo; foliolis chartaceis vel subcoriaceis, glabris, ellipticis vel elliptico-

oblongis vel oblanceolatis, 7-21 cm. longis, 3-7 cm. latis, basi cuneatis vel

attenuatis, venis primariis utrinsecus costa 7-13, apice acuminatis, acu-

mine 0.5-1.5 cm. longo; inflorescentiis paucifloris vel multifloris, 2.5-6.5

cm. longis, axi et ramulis glabratis vel puberulis; floribus 7.5-9 mm. longis,

pedicellis puberulis vel subtiliter pubescentibus, 0.5-4.5 mm. longis; sepalis

glabris vel puberulis, triangularibus vel late rotundatis, 1-1.5 mm. longis,

1-3.5 mm. latis; petalis abaxialiter glabris vel dense adpresse pubescenti-

bus, adaxialiter glabris vel sparse pubescentibus; disco glabro, 0.7-1 mm.
alto, 1.5-2 mm. lato; ovario omnino pubescenti vel tantum apice pubes-

centi vel interdum tantum basi et apice pubescenti, fissuris septicidalibus
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apicahbus vel nullis; stylo basin versus pubescenti, aliter glabro; fructibus

luteis, in sicco rubiginosis vel nigricantibus, glabris vel sparse adpresse

pubescentibus, fissuris septicidalibus apicalibus vel nullis, globosis vel

subglobosis vel interdum subturbinatis, 10-18 mm. latis, basi rotundatis,

apice rotundatis vel apiculatis, apiculo usque 2 mm. longo; epicarpio in

sicco 2.5-4 mm. crasso, mesocarpio ligneo vel spongioso-crustaceo ; endo-

carpio cartilagineo; seminibus rubiginosis vel nigricantibus, 4.5-5 mm.
longis. Holotypus: Hartley 12083 (canb).

Distribution. West Irian, Territory of New Guinea (including New
Britain) and Papua; primary and secondary rain forests and monsoon
forests; sea level to 1650 meters. See Map 8.

West Irian. Hollandia (Djajapura i and vicinity. Brass 8955 (a, bri, l), Gjelle-

rup 952 (k, l). Roster BW 4296 (canb), van Royen & Sleumer 6465 (canb,

k), van der Sijde BW 4085 ( canb), BW 5514
I canb). Territory of New Guinea.

Sepik District: Vanimo Subdistrict. Krisa. Gillison NGF 25250 (canb); Aitape

Subdistrict, near Goiniri, Darbyshire & Ihw-land S026 (canb); Ambunti Sub-

district, near Wagu, Hoogland & Craven 10366 (canb). Western Highlands
District: Jimmi Valley, Tagan River, Womersley & Millar XGF 8556 (canb,

lae); Baiyer River. Millar NGF 40818 (bri. l. lae). Eastern Highlands
District: 5 miles S of Sassaura. Hartley 12083 (canb, holotype) ;

Kassam Pass,

Henty & Vandenberg NGF 29336 (canb). Morobe District: Boana, Clemens
8269 (a, l), 41670a (a); Ogeramuang, Clemens 5079 (a); near Aregenang,
Foreman XGF 48131 (canb); Yunziang, Clemens 2340a (a), 4102 (a), 6428a

(a); Wagau, Womersley XGF iv325 (canb); Aseki, Streimann LAE 51972
(lae), Streimann & Rairo XGF 39063 ( bri. canb. l, lae ) ; upper Watut River,

Minnoa Creek, Rairo NGF 47683 (canb, lae > ; without definite locality, Clemens
6642 (a). New Britain: upper Pulei River near Benum, Henty & Frodin NGF
27297 (canb, lae); near Asuk. Buderus XGF 25511 (canb, l). Papua. Central
District: Laloki River about 3 miles E of Sogeri, Hartley 10731 (canb); Siri-

111111111 art:1 about 3 miles S of Sogeri, Schodde 2985 (canb).

The epithet ampla refers to the relatively large fruit of this variety.

As in Anonychia trifoliolata var. trifoliolata, there is considerable vari-

ation here in the indumentum of the petals, which range from glabrous to

densely pubescent abaxially and glabrous to sparsely pubescent adaxially.

The ovary is also variable in this characteristic, ranging from pubescent
only at the apex to pubescent throughout.

Acronychia acronychioides, an endemic of north Queensland, appears to

be closely related to variety ampla of ,1. trifoliolata, being especially

similar to the collections from Hollandia (Djajapura) and vicinity.

37c. Acronychia trifoliolata Zoll. & Mor. var. microcarpa Hartley,

Arbor parva vel mediocris usque 27 m. alta vel frutex; ramulis glabris;

foliis trifoliolatis (foliis infrequenter unifoliolatis)
;
petiolo glabro, 1-7 cm.

longo; foliolis chartaceis vel subcoriaceis, glabris, anguste vel late ellipticis

vel interdum oblanceolatis. 5 IS cm. - basi cuneatis



1974] HARTLEY. ACROXYCHIA (RUTACEAEi 543

vel attenuatis, venis primariis utrinsecus costa 8-15, apice acuminatis

(acumine usque 2 cm. longo) vel interdum obtusis; inflorescentiis pauci-

floris vel multifloris, 2-8 cm. longis, axi et ramulis glabris vel puberulis;

floribus 5-9 mm. longis, pedicellis glabris vel puberulis, 3-6 mm. longis;

sepalis glabris vel puberulis, obtuse triangularibus vel rotundatis. 0.3-0.8

mm. longis. 0.5 1 mm. latis; petalis abaxialiter sparse adpresse pubescen-

tibus vel glabris, adaxialiter glabris; disco glabro, 0.5-1 mm. alto. 1 -1.7

mm. lato; ovario omnino pubescenti vel tantum apice pubescenti, fissuris

septicidalibus apicalibus vel nullis; stylo basin versus pubescenti, aliter

glabro; fructibus luteis vel albis, in sicco rubiginosis vel nigricantibus,

sparse adpresse pubescentibus vel glabris, fissuris septicidalibus apicalibus

vel nullis, subglobosis, 4-6 mm. latis, basi et apice rotundatis; epicarpio in

endocarpio pergamentaceo; seminibus nigricantibus, 2.5 3.5 mm. longis.

Holotypus: Schodcle & Cravat 4805 (canb).

Guinea and Papua; primary and

forests; 1050-2400 meters. See Map
7.

Territory of New Guinea. Eastern Highlands District: Goroka Subdistrict,

near Dunantina, Hoogland & Pullen 5256 (< vnb) Morobe District: Wagau,

Womersley XGF 17911 (canb). 19190 (canb); Aseki and vicinity. Craven &
Schodde 1138 (canb I. Schodde & Craven 4805 (canb. holotype). Streimann

LAE 51969 (lae i ; Yamap and vicinity. Kairo XGF 27549 (canb). Streimann &
Kairo NGF 47592 (canb, l, lae) ; Wau-Salamaua Road near Skindewai, Wom-
ersley & Millar XGF 8357 (canb); Lake Trist. Henty XGF 29014 (canb),

Womersley XGF 24903 (canb. lae). Papua. Central District: Mt. Tafa. Brass

5045 (a. ny. re. rs); Woitape, Corner & Gray XGF 12920 (bri), Lelean LAE
54522 (canb, lae), Ridsdale & Woods XGF 33782 (canb); Woitape-Kosipi

Road near Uriko, van Royen XGF 20243 (canb); Mt. Kumme, E of Woitape,

van Royen XGF 20417 (canb); Piati, Carr 16119 (canb): Isuarava, Carr 15577

(canb), 15553 (canb); Alola, Carr 13879 (canb); Lala River, Carr 15659

(canb), 15706 (canb): Boridi. Carr 143S2 (canb). Milne Bay District: N
slopes of Mt. Dayman. Maneau Range. Brass 23184 (a, l, lae), 23303 (canb);

XL uutlyin- ridge of Mt. Simpson, Pullen 7823 (canb).

The petals and ovaries have the same variations in indumentum in var.

microcarpa as in the preceding variety of Acronychia trijoliolata. variety

The small fruits, lacking evident mesocarp. distinguish this variety from

the two above. It is most closely related to the small-fruited entities of var.

trijoliolata, some collections of"which have very thin, subwoody mesocarp.

There also may be a close relationship with Acronychia carrii. which, ex-

except for having larger flowers and fruits, matches very closely some of

the higher-elevation collections of this variety (see especially Brass 5043

and van Royen XGF 20243 and NGF 20417).
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i Lauterb. ibid. 252. Type: Brander-

Small tree to 15 m.; younger branchlets densely pubescent to tomen-
tose. Leaves trifoliolate (occasional leaves unifoliolate)

;
petiole densely

pubescent to tomentose, becoming glabrate with age, 3-7 cm. long; leaflets

subcoriaceous, pubescent below, becoming glabrate with age, usually gla-

brous above, elliptic to obovate to oblanceolate, 6-21 cm. long, 3.5-8 cm.
wide, base cuneeate, main veins 10-15 on each side of the midrib, apex
rounded to obtuse to acuminate, the acumen to 1 cm. long. Inflorescences

few- to many-flowered, 4-7.5 cm. long, axes and branches densely pubes-
cent to tomentose, becoming glabrate with age. Flowers about 9 mm.
long; pedicels densely pubescent, 1-2 mm. long; sepals densely to rather

sparsely pubescent, obtusely deltoid to triangular, 1.5-2 mm. long,

1.2-2.5 mm. wide; petals densely appressed-pubescent abaxially, glabrous

adaxially; disc glabrous, 1 mm. high, 2-2.5 mm. wide; ovary pubescent,

with or without apical septicidal fissures; style pubescent toward the base,

otherwise glabrous. Fruits drying reddish brown, finely appressed-pubes-
cent, with or without apical septicidal fissures, subglobose, 12-16 mm. wide,

base and apex rounded; epicarp drying 2-3 mm. thick, with spongy-crusta-

ceous mesocarp; endocarp cartilaginous. Seeds dark reddish brown, 4.5

mm. long.

West Irian. Noord River, Branderhorst 336 (k, l, u, isotypes of Acronychia
reticulata Lauterb. var. glabra Lauterb.). Territory of New Guinea. Sepik
District: Prospect Creek near Frieda River, Henty & Foreman NGF 42543
(canb, lae); Mt. Turn, Prince Alexander Range, Pullen 1436 (canb) ;

Lord-
berg. Sepik River, Ledermann 10294 (k, lectotype of Acronychia reticulata

The type collection of Acronychia reticulata var. glabra has only very

mature leaves which have lost most of their pubescence with age.

Lauterbach cited three collections, all from the Sepik River, in the

original description of Acron v hi •
> , ti id it i L, d, > u, inn 07SI, 10294, and

12869.

This species, Acronychia reticulata, appears to be closely related to A.

trijoliolata var. ampla, differing mainly in being more pubescent. There
also may be a fairly close relationship with A. cartilaginea (q.v.).

39. Acronychia ledermannii Lauterb. Bot. Jahrb. 55: 252. 1917.

Neotype: Brass 30585, Territory of New Guinea.

Small to medium tree to 20 m.; branchlets glabrous. Leaves trifoliolate

(occasional leaves unifoliolate); petiole glabrous, 1.8-6 cm. long; leaflets
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chartaceous to coriaceous, drying reddish brown when young, pale green

or yellowish green when older, glabrous, elliptic to elliptic-oblong or

obovate to oblanceolate, 5-17 cm. long, 2-6.2 cm. wide, base cuneate to

attenuate, main veins 9-12 on each side of the midrib, apex acuminate, the

acumen to 2 cm. long. Inflorescences few-flowered. 4-10 cm. long, axes and
branches glabrous to glabrate. Flowers 9-14 mm. long; pedicels glabrate,

1-3 mm. long; sepals puberulent, rounded, 0.7-1.5 mm. long, 1.2-2 mm.
wide; petals glabrous to finely appressed-pubescent abaxially. sparsely to

rather densely pubescent adaxially; disc glabrous, 0.7-1 mm. high, 1.5-2.3

mm. wide; ovary sparsely pubescent at the apex, otherwise glabrous, with

or without apical septicidal fissures; style pubescent at the base, otherwise

glabrous. Fruits pale yellow, drying yellowish brown to dark brown, glab-

rous, with or without apical septicidal fissures, globose to subpyriform,

12-23 mm. wide, base rounded to truncate, apex rounded; epicarp drying

about 4 mm. thick, with spongy-crustaceous mesocarp; endocarp sub-

cartilaginous. Seeds reddish black. 3.5 5 mm. long.

Territory of New Guinea. Western Highlands District: Minj Subdistrict,

upper Nona River. Saunders 757 (canbi. Eastern Highlands District: Mt.

Wilhelm, Brass 30585 (a, neotype; canb. us. isotypes) ; Marafunga, Millar NGF
40761 (canb, lae). Stevens LAE 51010 (cam;, lae ) ; Goroka. Womersley XGF
4466 (l, lae); Korofunota. via Goroka. Womersley & Floyd XGF 6942 (canb);

Omahaiga River, Mt. Otto area, Robbins 833 (canb) ; Mt. Otto, Brass 30843

(canb, us); near Waisa, about 15 miles SW of Okapa, Hartley 13110 (canb);

Purosa, Okapa area, Brass 31608 (canb, us). Morobe District: Spreader Divide

about 6 miles NW of Aseki. Schodde & Craven 4987 (canb). Papua. Southern
Highlands District: Ialibu, Pidlen 2750 (canb), Womersley & Woolliams

NGF 12384 (bri, l, lae).

The color of the leaves in dried condition distinguishes Acronychia

ledcrmannii from the other species of the genus.

Chalcid wasps, noted in the fruits of several other species of Acronychia

as well, were found in the majority of the fruits of this species. The wasps

have no apparent effect on the size or external structure of the seed in

which they are contained or on that of the fruit. There is also a lack of

any noticeable galling effect on the flowers.

The collections cited by Lauterbach in the original description, Leder-

mann 12054, 12134, and 12162, all from montane forest at 2070 meters in

the Schrader Range, Territory of New Guinea, were apparently destroyed

during World War II.

The nearest relative of Acronychia ledermantm is probably A. trijoliolata

40. Acronychia acronychioides (F. Muell.) Hartley, comb. nov.

Euodia acronychioides F. Muell. Frag. Phytogr. Austral. 4: 117. 1864. Type:

Dallachy, Queensland, Rockingham Bay.
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Acronychia melicopoides F. Muell. Frag. Phytogr. Austral. 5: 3. 1865 {nomen

Hie git., based on Euodia acrofiychioides F. Muell.).

Jambolifera melicopodes 0. Ktze. Rev. Gen. PI. 1: 102. 1891 (nomen illegit.,

based on Ac, F. Muell.).

Small to rather large tree to 25 m.; younger branchlets puberulent to

glabrate. Leaves trifoliolate (rarely occasional leaves unifoliolate)
;
petiole

puberulent, at least adaxially or at the base, becoming glabrous with age,

3-8 cm. long; leaflets chartaceous to subcoriaceous. glabrous, elliptic-ob-

long to oblanceolate, 7-21 cm. long, 2.3-6.5 cm. wide, base cuneate to at-

tenuate, main veins 1013 on each side of the midrib, apex obtusely acu-

minate, the acumen to 0.8 cm. long. Inflorescences many-flowered, 3-9

cm. long, axes and branches puberulent to finely pubescent. Flowers 9-11

mm. long; pedicels puberulent to finely pubescent, 3-7.5 mm. long; sepals

puberulent, obtusely triangular to broadly elliptic to orbicular, 1.5-3 mm.

long, 2-3 mm. wide; petals glabrous, occasionally semipersistent in fruit;

disc glabrous, 0.8-1 mm. high, 1.6-1.8 mm. wide; ovary pubescent, with or

without apical septicidal fissures; style densely pubescent toward the base,

otherwise glabrous. Fruits yellow, drying reddish brown to blackish, glab-

rate at maturity, with or without apical septicidal fissures, subpyriform or

occasionally subglobose, 8-11 mm. wide, base broadly stipitate or occasion-

ally rounded, apex rounded; epicarp drying about 1 mm. thick, with woody

mesocarp; endocarp cartilaginous. Seeds blackish, about 4 mm. long.

Cook District: Tozer Range, V> mile E of Mt. Tozer, Brass

19467 (bri, canb) ; Leo Creek, Upper Nesbit River, Brass 19932 (bri, canb) ;

Mclvor River N of Cooktown, Webb & Tracey 7820 (bri) ; Upper Parrot Creek,

Annan River, Brass 20214 (bri, canb), 20220 (bri, canb); Copper Lode Falls

on Freshwater Creek 6 miles S of Cairns, Gittins 2219 (bri, nsw) ;
Barron River,

Johnson. 1891 (mel)
; Danbulla, Webb & Tracey 7195 (bri); Gillies Highway,

Atherton Tableland, Olsen 373 (bri, nsw) ; Lake Barrine, Kajewski 1244 (a, bri,

ny); Gadgarra. Jones 1494 (canb), Kajewski 1078 (a, bri, k, ny, uc), 1151 (a,

bm, bri, ny); Mulgrave River, Johnson, 1891 (mel); Bellenden Ker Ranges.

Johnson, 1891 (mel); Johnstone River, Ladbrook, August, 1917 (bri), Michael

141 (bri); Innisfail, Michael 274 (gh); Tully Falls, Webb 729 (canb); El

Arish, Jones 1273 (canb). North Kennedy District: Herberton Range, Webb

& Tracey 7944 (bri); head of Wild River, Bailey, July 3, 1899 (bri, nsw);

Clump Point Farm, 30 miles SE of Innisfail. Wycr. May 11, 1945 (nsw

127105); Mt. Macalister, Dallachy, April 9, 1869 (mel); Sea View Range,

Dallachy, November, 1864 (mel); Dalrymple's Gap, Dallachy, May 11, 1864

(bri, mel) ; Coast Range, Dallachy, February 8, 1866 (mel) ;
Rockingham Bay,

Dallachy, March, 1864 (mel, holotype of Ettodia acronychioides F. Muell.; bm,

bri, k, l, w, isotypes) ; Mt. Spec forestry camp near Bambaroo, Francis, Novem-

ber, 1933 (bri). South Kennedy District: Cawley State Forest W of Cathu,

between Mackay and Proserpine, Webb & Tracey 7682 (bri); Dalrymple

Heights & vicinity, Clemens, July-November, 1947 (bri), September-October,

1947 (brt, mich, ny, uc), September-November, 1947 (ad, bish, gh, k, mich,
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As is mentioned above, in the discussion of the phylogeny of Acronychia,

this species, A. acronychioidcs, and A. imperforata appear to be of extra-

Australian ancestry. The idea is supported in this instance since the

closest relative of A. acronychioides, A. trijoliolata var. ampla, has the

most advanced type of fruit in the entirely-Malesian A. trijoliata com-

plex.

41. Acronychia imperforata F. Muell. Frag. Phytogr. Austral. 1: 26.

1858. Lectotype: Hill, Queensland, Moreton District. Moreton

Bay.

Jambolifera imperforata (F. Muell.) O. Ktze. Rev. Gen. PL 1: 102. 1891.

Acronychia scortechinii F. M. Bailey, Queensl. Agr. Jour. 3: 281. 1898. Syn-

types: LoveU, Queensland. Wide Bay District, Fraser Island; Scortechini,

Queensland, Moreton District, Logan River.

Shrub or small tree to 9 m.; branchlets glabrous or rarely glabrate.

Leaves unifoliolate
;
petiole glabrous or rarely glabrate, 0.3-2.5 cm. long;

leaflet chartaceous to subcoriaceous, glabrous, often drying somewhat

blue-gray above, especially when young, elliptic to elliptic-oblong or

obovate to oblanceolate, 3.3-12.5 cm. long, 1.6-5.5 cm. wide, base obtuse

to cuneate to attenuate, main veins 6-10 on each side of the midrib, apex

rounded to obtusely acuminate, the acumen to 0.5 cm. long. Inflorescences

usually few-flowered, 2.5-5 cm. long, axes and branches glabrous to puberu-

lent. Flowers 6-9.5 mm. long; pedicels glabrous to puberulent, 1.5-4.5 mm.

long; sepals glabrous or glabrate, obtusely triangular to suborbicular,

1-1.5 mm. long, 1.5-2.5 mm. wide; petals glabrous abaxially, glabrous to

sparsely pubescent adaxially; disc glabrous, 0.2-0.5 mm. hish, 1.4-2 mm.

wide; ovary glabrous throughout or sparsely pubescent only at the apex,

without septicidal fissures; style spreading-pubescent toward the base,

otherwise glabrous. Fruits orange-yellow, drying dark reddish brown to

blackish, glabrous throughout or with a few hairs at the apex, without septi-

cidal fissures, pyriform to subglobose, 10-12 mm. long, base obtuse to

broadly stipitate, apex rounded, short-apiculate or somewhat depressed;

epicarp drying 0.7-1 mm. thick, with woody mesocarp; endocarp cartilagi-

nous. Seeds reddish black, 4-6 mm. long.

Distribution. Cape York Peninsula, Queensland, south to Port Mac-

quarie, New South Wales; coastal scrub except for a few inland localities.

See Map 6.

Queensland. Cook District: Newcastle Bay, 2.5 i

' Somerset, Brass

„„,, Bamaga Mission, 11.2 km. SW of Cape York. Smith 1235

(bri); Endeavour River. Peraich (?) 755 Imeli: Shipton's Flat, on Tin Mine

Road, Smith 14346 (bri); Granite Creek Road W of Bloomfield, Webb &
Tracey 6210 (bri); upper Mowbray River, Brass 2522 (a, bish, bri, us).

North Kennedy District: Rockingham Bay. Dallachy (mel). Port Curtis

District: Curtis Island, Dietrich 1013 (mel); Gladstone, Hedley (bri);
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Baffle Creek area, White, April, 1920 (bri). Wide Bay District: Bundaberg,
Boorman, August, 1912 (nsw 127015); Saw Mill Scrub, Dundowran via Niken-

bah, Tryon, July, 1928 (bri) ; Nikenbah, Tryon (bri)
; Fraser Island, Blake

22698 (bri), Epps, October 18, 1919 (bri), Hubbard 4420 (bri, k), Lovell,

August, 1894 (bri, syntype of Acronychia scortechinii F. M. Bailey), Petrie,

June, 1917 (bri), Webb & Tracey 6334 (bri); Noosa River 23 miles NE of

Gympie, Smith 12116 (bri); Hibbett's Mt., Gundiah, Kajewski 1518 (a, bri,

ny)
;
Lake Cootharaba, Keys (bri)

; Sunshine Beach via Tewantin, Harrold,

April 1, 1964 (bri). Moreton District: Coolum Beach, Clemens, March 22,

1945 (bri, gh. mich, uc); Eumunili. BaiU v & Gunu. June, 1895 (bri);

Maroochy River. Kenny, August, 1912 (bri); Lake Curramundi, N of Caloundra,

Anderson, July 14, 1964 (bri, canb), Williams, March 8, 1969 (bri); Caloundra,

Blake 4002 (bri), August, 1933 (bri); Somerset. Bailey. June, 1897 (bri):

Bribie Island, Clemens 44i>72 (gh), Kenny, August, 1906 (bri), Wilson 710
(a); Moreton Bay, Cunningham 7 (bm, k), HUl (mel, lectotype; k, isotype),

Mueller (mel), Parker, July, 1918 (a); Brisbane River, Dietrich 2669 (mel);

Mosquito Creek, White, April, 1917 (bri, nsw); mouth of the Pine River, Smith

11407 (canb); Sandgate, Statter, April, 1882 (bm), White, June, 1918 (a, bri);

Kedron Brook, Bailey, June, 1875 (bri) ; Toowong, Brisbane, Everist, October,

1934 (a, bri); Stradbroke Island, Cribb BRIU 1333 (bri), White 3367 (a);

Logan River, Scortechini (bri, syntype of Acronychia scortechinii F. M. Bailey;

k, isosyntype); Tugun, Clemens 42625 (a), Hubbard 3946 (a); Currumbin,
Longman, March, 1916 (bri), Webb 1534 (canb), White Field Naturalists Club

Exatrsion, September, 1913 (bri). Without definite locality: Brown 5332 (bm).

New South Wales. Cudgen, Jones 1229 (canb), McKee 9518 (canb, p) ; Mt.

Warning, Fraser, January 15, 1936 (nsw 127018); Byron Bay, White 10449 (a,

bri, ny); Lennox Head, Baeuerlen, November, 1891 (nsw 127019); Pebbley

Beach, North Ballina Ji '///.>-. n & C< nstable. June 12, 1957 (nsw 42338); Ballina,

Baeuerlen 429 (nsw); 2.5 miles N of Evans Head. McGillivray 1938 (nsw);

Woody Head, N of Iluka. Hayes Tunu <r McGillhray 2*71 (nsw); Iluka,

O'Hara & Coveny 3508 (bri, nsw), Williams, April 12. 1964 (nsw 127021);

Clarence River, Hartley, July-August, 1915 (nsw 127021), Wilcox 1875 (mel);

Woolgoolga, de Beuzeville 700 (nsw) ; Coffs Harbour, Boorman, May 26, 1909

(nsw 127024), June, 1910 (nsw 127025), Meebold 3474 (ny), White 7420
(bri); Bundagen, near Repton, Bellinger River, Blaxell 153 (nsw); Hat Head,

E of Kempsey, Constable, January 18, 1953 (nsw 22361); Crescent Head,

Davis, October 4, 1941 (nsw); 15 miles N of Port Macquarie, Rodway (nsw
127026).

Mueller's syntypes of this species, a collection by Hill and
another by Mueller, both from Moreton Bay, are mixed : the Kew and Mel-

bourne sheets of the Hill collection are Acronychia imperforata and the

British Museum duplicate is A. pauciflora; and one of several Melbourne
sheets of the Mueller collection is .1. imperforata whereas the others, and
the Kew duplicate, are A. pauciflora. They were apparently mixed at the

time Mueller studied them, since his description applies to both species.

The choice of the lectotype and the description of the species presented here

is in accordance with the prevailing interpretation of A. imperforata by
Australian botanists.

Acronychia scortechinii was considered distinct by Bailey on the basis
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of its having fruit with unusually fleshy exocarp. It is now evident that

this is a minor variation since there are a number of collections, from
scattered localities, with similarly tleshy fruits.

Although the geographical distribution of this species is remarkable in

Queensland, with a disjunction of about 500 miles between Rockingham
Bay and Curtis Island, I have not found sufficient differences among the

collections to recognize more than a single taxon. The northern collections,

most of which are from rain forest habitats away from the coast, do tend

to have larger, thinner-textured leaflets and larger sepals, but the southern

collections grade into them so completely that I have not been able to

separate them in a key.

The closest relative of Acronychia iiiipcriomta appears to be the wide-

spread A. pedunculata, the collections of the latter from Papua being very

similar to the northern Queensland collections of the former. Of the two

species, A pedunculata appears to be the more primitive since the ovary

and fruit often have septicidal fissures. This would suggest that .1. imper-

forata, which lacks septicidal fissures, was derived from Malesian stock.

42. Acronychia pedunculata (L.) Miq. Fl. Ind. Bat. Suppl. 532. 1861.

Jambolifera pedunculata L. Sp. PI. 1: 349. 1753. Type: Jambolifera L. Fl.

Zeyl. 139.

Cyminosma ankenda Gaertn. Fruct. 1: 280. t. 58, fig. 6. 1788 {nomen illegit.,

based on Jambolifera L.).

Gela lanceolate Lour. Fl. Cochinch. 232. 1790. Type: Loureiro, Cochinchina

(not seen; at bm, according to Merrill. 1935: 220).

Jambolifera rezinosa Lour. Fl. Cochinch. 231. 1790. Type: Loureiro,

Cochinchina (not seen).

Laxmannia ankenda (Gaertn.) Raeuschel, Nomencl. Bot. ed. 3. 99. 1797.

Cyminosma pedunculata (L.) Roxb. Hort. Beng. 88. 1814; Fl. Ind. 2: 239.

Doerrienia malabarica Dennst. Schluess. Hort. Ind. Malab. 31. 1818. Type:

Hort. Malab. 5: t. 15. 1685 I
nomen nudum according to Manitz, Taxon 17:

501. 1968).

Acronychia laurifolia Bl. Cat. Gew. Buitenz. 63. 1823; Bijdr. 245. 1825.

Type: Blume, Java.

Ximenia? lanceolata (Lour.) DC. Prodr. 1: 533. 1824.

Cyminosma resinosa DC. Prodr. 1: 722. 1824 (based on Jambolifera rezinosa

Acronychia arborea Bl. Bijdr. 244. 1825. Type: Blume. Java. Mt Salak.

Selas lanceolatum (Lour.) Spreng. Syst. Yeg. 2: 216. 1825.

Melicope conferta Blanco, Fl. Filip. ed. 2. 205. 1845. Typified by Reillo BS

19255 {Merrill Species BUmcoanae 55), Philippines, Luzon. Rizal

Province.

Clausena simplicifolia Dalzell, Hook. Jour. Bot. Kew Gard. Misc. 3: 180.

1851. Type: Dalzell India, Mysore.

Jambolifera arborea (Bl.) Zoll. & Mor. Syst. Vera. Zoll. 14. 1854.

Acronychia apiculata Miq Fl. Ind. Bat. Suppl. 532. 1861. Type: Teysmann
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915. Syntypes: Wight

uthern India, Anamalai

Hills.

Acronychia lanceolata (Lour.) Forst. ex Crevost & Lemarie, Cat. Prod. Indo-

china 1: 173. 1917.

Acronychia resinosa Forst. ex Crevost & Lemarie, Cat. Prod. Indochina 1: 173.

1917 (based on Jambolijera rezinosa Lour.).

Acronychia elliptica Merr. & Perry, Jour. Arnold Arb. 22: 56. 1941. Type:

Brass 6309, Papua, Western District.

Shrub to small to large tree to 28 m.; younger branchlets glabrous to

finely pubescent. Leaves unifoliolate; petiole glabrous to finely pubescent,

0.5-5 cm. long; leaflet chartaceous to coriaceous, glabrous, usually elliptic

or elliptic-oblong but grading to obovate, oblanceolate or nearly oblong,

3.5-24.5 cm. long, 2-8.5 cm. wide, base cuneate or occasionally rounded or

attenuate, main veins 7-14 on each side of the midrib, apex obtusely

acuminate (the acumen to 2 cm. long) or occasionally obtuse or rounded.

Inflorescences few- to many-flowered, 2-25 cm. long, axes and branches

glabrous to finely pubescent. Flowers 4-12 mm. long; pedicels glabrous to

finely pubescent, 2-12 mm. long; sepals glabrous to finely pubescent, tri-

angular to broadly rounded, 0.6-1.5 mm. long, 0.8-2 mm. wide; petals

glabrous to sparsely pubescent abaxially, densely to sparsely pubescent or

occasionally glabrous adaxially; disc glabrous to pubescent, 0.5-1 mm.

high, 1-2 mm. wide; ovary pubescent throughout or rarely pubescent only

at the apex, with or without apical septicidal fissures; style pubescent

toward the base, otherwise glabrous. Fruits yellowish or white, drying

brown to blackish, usually rather sparsely pubescent with a ring of dense,

appressed hairs at the base, but grading to tomentose or glabrous, with or

without apical septicidal fissures, usually subglobose but grading to ellip-

soid, pyriform or broadly conical, occasionally more or less 4-lobed or with

several low, longitudinal ribs, 5-15 mm. wide, base obtuse to truncate,

apex rounded to acute to apiculate, the apiculum to 4 mm. long; epicarp

drying 0.5-3 mm. thick, with woody or subwoody mesocarp; endocarp car-

tilaginous. Seeds reddish-black to black, 3-7 mm. long.

Illustrations. Engler, A., Nat. Pflanzenfam. III. 4: 180. t. 104. 1896

(as Acronychia laurifolia). Ibid. ed. 2. 19a: 308. t. 140. 1931 (as Acrony-

chia laurifolia). Gaertner, J., loc. cit. Koorders, S. H., Exkursionsflora von

Java 2: 423. t. 77. 1912 (as Acronychia laurifolia). Koorders, S. H. &

Th. Valeton, Atlas der Baumarten von Java 2: t. 353 1914 (as Acronychia

laurifolia). Li, H. L., Woody flora of Taiwan 364. t. 130. 1963. Loddiges,

C, The Botanical Cabinet 10: t. 938. 1824 (as Gela lanceolata). Ochse,

J- J. & R. C. Bakhuizen, Indische Groenten 640. t. 391. 1931. Vahl, M.,

Symbolae Botanicae 3: t. 61. 1794 (as Jambolifera pedunculata)

.

Distribution. India and Ceylon east to Taiwan and southeast in

Malesia to Papua; primary and secondary rain forests and coastal scrubs;

sea level to 2200 meters. See Map 9.
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Map 9. Distribution of .1 i I L.) Miq.

India. Uttar Pradesh: Dehra Dun District, Datta 19 (a), Kanjilal 759 (a),

760 (k), Mukharjee 24 (us), Osmaston 1207 (nsw), January 30, 1916 (w),

Punj 22 (ny), Rawat 20 (a), Singh 26 (mel, nsw), 33 (ny). Maharashtra:

Concan (Konkan), Law & Stocks (k), Stocks, Law, etc. (bm, gh, mel, ny, w).

Mysore: Mt. Syhadree, near Tulkut-ghat, Dalzell (k, holotype of Clausena

simplicifolia Dalzell); Hassan District. Harihalli, Saldanha 9046 (us). Madras:

Anamalai Hills, Barber 6027 (k, syntype of Acronyclda barberi Gamble); Nil-

gin Hills, Clarke 10823B (bm). Gamble 16811 (k), 17850 (bm), 20558 (k),

Thomson (bm, gh, mel, ny, u, w); Pulney Hills, Anglade (a), Herb. Beddome

1017 (bm), Bourne 212 (k)', 1452 (k), /onaJfe/ 51 (mich), W%^ J<W (k, syn-

type of Anonychia I vrberi Gamble); without definite locality, Cole 54 (k). 67

(k). Kerala (Travancore) : Malabar, Wight 362 (gh, k, mel); Courtallum,

Wight 181 (nsw. ny); without definite locality. Meebold 17107 (w). Orissa:

Ranpur, near Habadih,' Mooney 1353 (k) ; Puri District, Aran Forest, Haines

5503 (k). West Bengal; vicinit\ oi Calcutta Heifer, 1836-1838 (a, bm, ny,

us), Wallich 4325 (w). Assam: Khasi Hills, Chand 1923 (mich), 1967 (mich),

2065 (mich), 5927 (mich), 5974 (mich), 6712 (mich), 6354 (mich), 5291

(mich, uc), Clarke 6209 (bm), 4571<5£> (bm), Hooker f. & Thomson (bm, k,

mel, ny, us w) King's Collector, November, 1890 (bm, w), August, 1892

(bm), Koelz 23582 (mich), 30245 (mich, uc), 30302A (mich, w) 30389

(mich), 30633 (mich), J1075 (mich. uc, w), £«rz 2« (us), Ward (w)

;

Bamanigaon, Chand 2499 (mich) ;
Lushai Hills, Aijal, Chand 4283 (mich, uc)

;
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'4 (k), 615 (k). Andaman Islands: South

us), King's Collector, June 4, 1892 (mel),

June 1, 1893 (a), September 16, 1S93 (a). August 11. 1894 (us), January 19,

1895 (a); without definite locality. Herb. Heifer 1190 (gh, w), Prain's Collector

58 (a, mel), 95 (nsw). Without definite locality: Roxburgh (bm), van Royen,

1779 (bm), Wallich Cat. No. 1205 (bm, w), Wight 309 (k, w). Ceylon. Iriya-

golla, de Silva 40 (a), 256 (ny) ; Madulkelc. Worthington 141 (bm); Mt. Alla-

galla, Worthington 49 (bm, nsw); Kandy Forest Reserve, Lam 7346 (a);

Nilambe, Worthington 2864 (bm) ; Henaratgoda, Petch, March 4, 1923 (a) ;
Moon

Plains. Parawella. St. John 24114 (bish) ; Patana, Madugoda-Urugala Road,

Simpson 8796 (bm ) ; above Madugoda, Simpson 9479 (bm) ;
Hurasgiriya, de

Silva 55 (mel, ny) ; without definite locality. Gardner 1*2 ( k. ny), Koenig (bm),

Rechinger 2479 (w), Rudolf. February. 1896 imich). Thomson (bm, gh, w),

Thwaites CP 1249 (bm. mel. wi. Walker 43S iki. Worthington 1579 (bm),

1754 (bm). Sikkim. Cave (a. bm). Hooker f. (k). King, August 29, 1876 (mel),

Native Collector 605 (gh). Bhutan. Bulky leg. Cooper 1112 (bm). East Paki-

stan. Sylhet, Wallich Cat. No. 1205B (k. l. mich, w >; Chittagong, Hooker f.

& Thomson (gh) ; Chittagong Hill Tracts, King's Collector 506 (a) ;
without

definite locality, Herb. Griffith 1190 (gh, w). Burma. Myitkyina District,

Parkinson 378 (k) ; Maymyo Plateau, Lace 5952 (k); Bassein District, Kya-

thaung River, Mezali Reserve, Kermode 7317 (k). Thailand. Northern: Doi

Pa Ta, Kerr 4916 (bm) ; Doi Suthep, Kerr 1983 (bm), 2299 (bm), 2681 (bm)
;

Doi Angka, Kerr 6345 (bm. k); Nam Heng (Nam Haeng), Winit 1740 (k).

Northeastern: Loei, Bunchuai 147 (k), 7670 (k. p); Phu Kha Ding, 5m?/*-

nawd 1962 (k) ; Sakol Nakorn ( Sakon Nakhon). Lakshnakara 1004 (bm, k)
;

Nakorn Panom (Nakhon Phanom), Lakshnakara 977 (bm). Eastern: Korat

(Nakhon Ratchasima), Noe 200 (bm), 270 (bm, k), Put 2241 (bm), 3065 (bm,

k); Ubon Ratchathani, Kerr 8332 (bm), Lakshnakara 892 (bm), Phusomsaeng

35 (k, p). Central: Sriracha (Si Racha). Co/tow 408 (bm, k), 472 (k), 577

(us), 736 (us), S30 (us), 905 (a. bish. us), P05/4 (k), P54 (bm, us), 985

(us), 7J05 (us), 1371 (us), 1744 (bm. us), 20JJ ( k. us), A'err 20<55 (bm, k),

4527 (bm, k). Southeastern: Rayaung (Rayong), Put 2676 (bm); Watana

(Watthana Nakhon), Pz<7 1938 (bm); Chantabun (Chanthaburi), Aerr 9536

(bm, k), Lakshnakara 484 (bm); Krat (Han Bans Phra), Kerr 9436 (bm),

17S37 (bm), 27764 (bm). Southwestern: Hua Hin, Collins 1590 (us), Aerr

134S5 (bm), 16137 (bm); Prachuap (Prachuap Khiri Khan). Put 3156 (bm, k).

Peninsular: Bangtapan (Ban Bang Saphan), Put 1386 (bm), 1395 (bm) ;

Surat Thani, Put 4115 (k), AY/t. August 2, 1927 (bm) ;
Pattani, Kerr 7244

(bm); Yala, Put 3681 (bm). Without definite locality: Collins 426 (bm), Aerr

11413 (bm), 20139 (bm). Laos. Savannakhet, Poilane 11911 (p), ^349 (p);

Phon Than. 5^>e 93 ( p ) ; Saravane Province. /
J
<j//«He 16i44 (p) ;

without definite

locality, Poilane 13525 (p). Cambodia. Compong Phom (Kompong Thorn),

Gourgand (p) ; Pursat, Godefroy 550 (p) ; Pobang, Poilane 14322 (p) ;

Kom-

pong Cham, Bejaud. July 18, 1930 (a, p) ; Prey Khmuonh, Viginein-Roche 1

(p), 2 (p), 3 ( p) ; Kampot. Geofjray 133 IP). 407 ( p ) . //«///« 41 (p), /'oi/flwe -?*5

(p); Elephant Mt.. Potiflfw 229V? (p). North Viet Nam. Phu Tho, Petelot 1048

(ny, p, us), 1048 bis (p), 1059 (p); Chan Mong Forest Reserve, Fleury 32155

(p); Mt. Tarn Dao, Petelot 3883 (ny, p, us); Vinh Yen to Tarn Dao, Petelot

4303 (ny, p, us) ; Thai Nguyen, Petelot 5840 (p) ; Phuc Yen, Petelot 5841 (ny,

p); Quonbi. Balansa 1180 (p) ; Tu Phap, Balansa 3104 (p), 3106 (p) ;
Son Tay,

Balansa3105 (p), Petelot 7856 i a > ; Cho Bo, Poilane 13160 (p) ;
Hanoi, Demange
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7782 (p); Hao Xho. Bon 683 (pi; De Tham (Tinh Dao). Bois 267 (p) ; Yen
Ninh, Bon 1439 (p) ; Yinh-yen, Eberhardt 3752 (p). .?755 (», ^90J (p) ; Nam
Dinh, AfoMret 9P (p) ; Hapliong. 5a/fl«.w 7 775 (k. p) ;

Quang Yen, Z? (i/,ih5<7 7779

(p); between Hongay and Qu itit du Tonkin (p); Pho Pa
Che, Service Forestier d'Indo-Chine, 1924 (p); Phong Du, Fleury 37905 (p); be-

tween Bui Bong and Tien Yen. Service Forestier du Tonkin (p) ; Tien Yen, Tsang

27469 (a); Ha-coi (Hacai). Tsang 27161 (a. p). 29180 (a. k, p), 29577 (k);

Dam Ha, 7*z«g 299Ji (a), 30295 (a, p); Mon Cay (Along Cai), Tsang

26946 (a); without definite locality, d'Alleizette 130 (pi. Bow 7P (p), 579 (p),

719 (p), 7<§9 (p), 1508 his (pi. South Viet Nam. Quang Tri, de Pirey 41237

(p), FozVarae 1057 (p) ; Hue, Bauche 77 (p); Can Hai, Petelot leg. Colani 3545

(p), 4545 (ny, p); Huong Thuy, Eberhardt 2421 (p); Mt. Bani. CferoeiM 347<S

(a. bm, k, mich, ny, p, u, us, w ) ; Ba Na. Poilane 7332 (p) ; Tourane (Da
Nang) and vicinity, Clemens 4450 (a, mich, ny, p, u, us) ; Da Bac, Godefroy

854 (p); Kontum Province, Poilane 3227n (p); Nhatrang, Po?7a«e 5055 (p),

3371 (p), 5499 (pi; Lang Bian Mts.. Djiring (Djirinh). Chevalier 31259 (p) ;

Cam Ranh Peninsula. A7r7 202 (p); Blao, Poilane 20981 (p), 27794 (p),

21965 (p), 25599 (p) ; Braian Mt., Poilane 23843 (p); Ba Rau, Poz'/ane 10117

(p); Tayninh, Midler 1610 (p) ; Ca Na, fi^ard 2490 (p), Poz'/am; 9261 (p),

9601 (p), 12405 (p); Trang Bom, Dien 93 (p) ; Bien Hoa and vicinity, Lefevre

104 (p), D/ew up ( P ); Saigon vicinity, Lefevre 241 (p); Baria Province, Poi-

/ane 657 (p), 651 (p) ; Phu Quoc (Fukwok) Island, Contest-Laconr 311 (p);

Mekong Delta, Harmand 517 (p); Con Son Islands (Poulo Condor), Germain 27

(p), Harmand, 1875-1877 (p) ; without definite locality, Godefroy 782 (p),

795 (p), Z?/ew 1655 ip). Harmand 705 (p>. 7\/7/hv. 1868 (p), TTtore/ 1155 (bm,

ny, p), Poilane 12231 (p). China. Yunnan Province: Szemoa (Ssu-mao)

IVenry 12265 (a, k, ny, us, w), 12265.4 (A. w), 122655 (a, ny), 12263C (a),

12265D (a, k, ny, us i. 12263E (a. ny) ;
Luh-shun (Kuan-fang) Hsien, Wang

81135 (a); Chei-li Hsien (Ching-huang). Wang 75711 (a.. 75866 (a), 75935

(a), 77427 (a), 77650 (a), 75110 (a). 75616 (a), 78*53 (a). 79114 (a), 79133

(a), 79494 (a), 79662 (a); Fo-hai (Meng-hai). Wang 74212 (a), 74387 (a),

74455 (a), 77201 (a); Meng-la, TFang 50660 (a). Kwangsi Province: South

Nanning, Seh-feng. Dar Shan. Ching 7806 (ny, w). 7951 (a, ny, us), 7993 (a,

ny, us), 8209 (a, ny, us); Snap Man Taai Shan, SE of Shang-sze (Shang-ssu),

Tsang 22468 (a). 23815 (a. ny). 24099 (a. ny). 24522 (a. ny). Kwangtung
Province: Fang-ch*eng District Kun.ir Pin- Shan. Tsang 26754 (a); Lei-chou

Pan-tao (Luichow Peninsula), near Pon-tan. Tstang 2562 (ny); Kochow < Kao-

chou), Tsiang 938 (w), 939 (a); Ting-hu Shan. Z./V>« 555 (ny); Kao-yao Dis-

trict, Teng Wo Shan, Lau 20130 (ny, us, w). Levine 3115 (a), Levine & Groff

CCC 35 (a, us), Tsiang 758 (a, mel), 811 (a. w); Lo-fou Shan, Merrill 10831

(ny), Tsiang 1625 (a), 1654 (a), 1641 (a); Canton (Kuang-chou) and vicinity,

Fung A382 (ny), ,4461 (ny), Henry Herb. Hance 430 (bm), Levine CCC 350

(a, gh, us), CCC 773 (a, bm, us), CCC 1150 (gh, us), CCC 1225 (a, gh, us),

CCC 1620 (a, gh, us), CCC 1700 (a, bm, gh, us), Levine leg. Ah To CCC 1712

(a), Levine CCC 2171 (a), CCC 3048 (a), Levine leg. Ah To CCC 3156 (a,

gh, us), Sampson, June 17, 1884 (k), January 11, 1885 (k)
;
Nanhoi (Fo-shan)

District, Chun 7809 (a); Lantao Island, Taam 1644 (ny, us), Tsang LU 16540

(a, w), Tsiang 627 (a, ny, us); Wa Shan Tau, Levine & McClure CCC 6978

(bm)
; Hweichang District, Lin' Fa Shan, Tsang 25660 (a)

;
without definite

locality. Wang 521 (a, mel). Hainan Island: Lamko (Lin-kao) District, Tsang

380 (a, k, ny, us) • Ch'eng-mai District, Lei 50 (ny, us, w) ;
Nodoa (Tan-hsien),
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Chun Nanking Univ. 5867 (us). Gressitt 882 (a, bm), Lau 1008 (a, bm, ny),

McClure CCC 7958 (bm, p), Tsang 106 (a. ny. us), 359 (a, us); Dung Ka to

Wen Fa Shi, Chun & Tso 43678 (a, ny, w), 43757 (a, ny, us); Tai Pin,

Gressitt 1091 (a, bm) ; Wen-ch'ang District, Fung 20337 (bm, k, ny, us, w)
;

Kachek (Ch'iung-hai), Wong Chuk (Huang-chu), McClure CCC 9780 (us. w);

Kan-en (Kan-cheny i District. Chim Fun- Mt.. Lau 5282 (a); Five Finger Mt.

(Wu-chih Shan), McClure CCC 8483 (bish) ;
Yaichow (Yai-ch'eng), How

70960 (a. bish, ny). How & Chun 70074 (a, ny), 70156 (a, ny, us), Liang

62021 (ny), 62233 (ny, us); without definite locality, Chun & Tso 44182

(bish, ny, w), Ford (us), Hcurv 13 <k>. 8091 ik, ny), 8119x (oh), 5220*

(k), 5552 (k), La» 426 (a, bm, k, mich. ny. us. w), LAm£ 6JJ07 (ny, us),

6J5P4 (ny), 63655 (ny). 63727 (ny). ^5i iny). 65057 ( ny, us), McClure

CCC 7732 (a, k), CCC 97ii (us, w). Tsang & Fung 655 (A, K, ny), Wang

33193 (ny), 33624 (a, ny), 33944 (ny), 35794 (ny), 36079 (ny), 36504 (ny),

36557 (ny, us). Hong Kong Island: Chun 5012 (a, us), 6054 (a, w), 6087

(a), 6553 (mel), 6561 (a, mich). G/6&J #er6. Hong Kong 7411 (nsw), /«//««*

Exped. "Novara," 1S57-1S59 (w). Lament 119 (bmi, December, 1873 (bm),

March, 1874 (bm), Z5oh 500 (ny), Murray (mel), Sargent, November 5, 1903

(a), Taam 1479 ( ny, us). Tang 354 (a), Tenison-Woods (med, Yachell 119

(k), IPtf/ord 567 (K). H>/,^ t'..S. AW/// A/fZ/ir Exploring Exped., 1853-1856

(gh, l, ny, us). Without definite locality: Seemann 2475 ( bm, k). Taiwan.

Kelung (Kiiruni. Laurie 56 (a, w)
locality. Xakahara 702 (us). Sun

Gajo Lands, between the confiuenc

™« .SYet'»/5 9<A?0 (d. Res. Tapani

Coast: Mt. Sago. /r/W . m 1/ /</yVw id l/c/yf/- 1504 ( l), 7373 (k, l) ;

without definite localitv, Meijer 7518 (d. East Coast: Asahan District, Ban-

derpoelo, Yates 2170 (mich, l, ny, w) ; Kota Pinang District, Rahmat si Toroes

3385 (a, l, ny, us), 3496 (a, l, ny, us). 3526 (a, ny. us). 3600 (a, l ,ny, us),

3744 (a, ny, us). 3812 (a, ny, us), 3552 (L. ny, us). 5954 (a, l, ny, us);

Pakanbaru, Soepadmo 187 (a, ad, k, l, uc). Res. Benkoelen: Mt. Kemala,

NIFS bb8764 (l). Res. Palembang: Anonymous (l). Lampong Districts: Mt.

Tanggamus, Jacobs 8156 i l. bishi. 52i/> (d; Kebang, Teysmann HB 4514 (l,

u, isotypes of dcnmycAia apiculata Miqj. Lingga Island: Anonymous 14621

(l). Malay Peninsula and neighboring islands. Langkawt Island: near Kuah,

r«r»o« 742 (l); without definite localitv. Curtis (bm. us. vv). Kedah: Tampei

Forest Reserve. Whitmore FRI 457 (a. k. d; lie-ut District, Mt. Kluang. Sin-

clair & Salleh SF 40801 (D. Penang Island: Penang Hill, Corner SF 31599

(a), Nauen SF 37658 (a); Telok Bahama Sinclair SF 59502 ( l) ;
Muka Head,

Hardial 665 (lae) : Highland Hill. Uanitj & Xur SF 5025 ( K) ;
Highlands Forest

Reserve, Sweklie 1454 (k) ; without definite localitv. C/<rr/*.j 575 (bm), 694 (bm,

us, w), /W/er 7205 (k). Perak: Larut. King's Collector 4928 (mel), Ridley

3090 (bm, k, l); Gunong Bubu, Chew 1202 (a. k, l. uc) ;
Dindings, Telok

Kopia Forest Reserve, Whitmore FRI 5108 id; Dindings. Ridley 7940 (bm) ;

Pangkor, Comer SF 51657 <k>. Pahang: Kuantan, Bidin, September 20, 1921

(a), Dolman 6622 (k). IUW AV/^Ht: ttVW Ao. 767/5 ( k. l) ;
Tioman Island,

Henderson 18447 (A); Mt. Peta. II7/;7/H ( >;r FRI 5559 (li. Selangor: Klang,

Jupra Forest Reserve. Ilamid & Yeob CF 5275 iki. Johore: Mt. Panti, £ver««

FA/ 755/5 (l); Mt. Kendok. Ogata KEP 105017 id. Without definite locality:

Maingay 281 (bm. gh. k. d. Java. Western Java: Mt. Pajung, Udjung Kulon
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Reserve, Kostermans UNESCO 148 (caxb, xsw. p). Wirawan 102 (a, bish, l),

211 (l, lae); Tjiteras. Backer 20400 <l); Alt. Xjoentjoeng. Saimoendt 24 (l,

uc); Djasinga, Backer 23437 (D. Bakhuizen v. d. Brink 1134 (l), £.«7/e 6-

irojya* A7F5 /a <5Jf» ili; Tjidadap. IIV/cAv/ 7 LV75/j (l, u). JS5J0 (k, l, u)

;

Djakarta vicinity, Backer. February. 1905 (l), Kallmann. 1838 (bm. xy)
;

Depok and vicinity. Bakhuizen v. d'. Brink f. 2047 ( L. u. w). Beumee. March.

1927 (uc, w), A>™ 75/5 (D. I't/H Ooststroom 12615 (caxbi; Sawangan. 7?tf*//M/-

se» v. rf. 5r/w£ /. 7577 (l); Bogor. A7/\> /</ _'.v"7 (a); Tjisiing. Bakhuizen v. d.

Brink 7937 (l); Mt. Salak. B/ttwe (bm, gh. l. xy, it, isotypes of Acronychia

arborea Bl.), Zollinger 1600 i a. bm. mf.l. p) ; Mt. Gadjah, Salak, Bakhuizen v. d.

Brink 4152 (l, uc), Bakhuizen v. d. Brink 1. 5vS iu>; "Houtsoorten van den

Gedeh" (probably Mt. Gedei, Anonymous \ probably Jitnghuhn) 643 (a, L,

us); Mt. Gede, Ridley, Februarv 13. 1915 (k); Radjamandala, Docters van

Leeuwen 7690 (l, u) ; Bandoeng, NIFS Ja 39S4 (li. NIFS Ja 4011 (D; Mt.

Tangkoebanprahoe, Junghuhn 357 (a. caxb, k, l) ; Mt. Malabar. Monterie 4

(l), 50 (a, l. u): Mt. Wajang. „S' »///// 6- A\;h/ 5<A? i l. u); Telaga Patengan,

Azcj&er 12516 (l>: Mt. Semboenc. /^cAyt 72-/AV (li; Tjiawi. A7F5 /a 1936

(l); Pangrango-Gedeh Reserve. Tjibeureum. Kostermans UNESCO 278 (a, bm,

L, lae, xsw, XY. pi; Mt. Sawal above Tjikmieng. Barker S44o (li: Mt. Tjareme,

van Steenis 12797 (D; Pangandaran Peninsula. Kostermans 25070 (l) ;
with-

out definite locality. Ploem ili. Central Java: X slope of Mt. Slamct. AVi/cr-

wa«j. August, 1968 (l); Mt. Oengarang. near Medini, Junghuhn (l). Without

definite localitv: W«»j t ' (bm. gh. l. xy. u. isotvpes of Acronychia laurijoliaBL),

Junghuhn 55l'(L). 552 (a, l. us). 555 (D. ^55 (D. Koorders 7058B (l), 70<50/3

(k), 70<57/? (l), 139188 (p), i5J5(5j8 (l), Zo&& (k), Reinwardt (l). Teysmann,

1867 (l), 1868 (k, xy), Zollinger 402 (a. l. pi. -ALU (bm. l). <54J (k). Borneo

and neighboring islands. Sarawak. Lundu District: Mt. Pueh. Smxthies 15651

(k, l). British North Borneo (Sabah). Kudat District: Banggi Island. Ampuria

SAN 40780 ( l) ; Kedayan, Balajadia North Borneo Forestry Dept. 4068 (k, l)
;

Nangka, ,1/w/o/ A5c/// Ac/c (
> /-cr^'v />/>/. 7^ (a. k. l). Ranau District:

Mt Kulonc Sinlh il\ 2^15 k l 1 i District < (win Hill Road, Gibot

SAN 32547 (k, l) . 5,1A ,'.'w.' < l » . SAN 47400 ill 5,1A -/7-J50 (
l )

;
Mt. Pyra-

mid Forestry Reserve. 5'<j/7r// SAN 6S115 (li: Tawau. £/'»tv 21044 (k, bish

Ac. 7// Borneo Forestry Dept. 9456 (l). II oorf 27/-/ (a. w). ka

arinda District: Kelindjau River near Bentuk. Kostermans 6^

eas-Barito District: Banirkal. Sauvew Hot) ill Anambas 1st

Island, Henderson SF 20458 Iki. Philippines. Palawan Island

Reynoso PNH 87756 (canb) ;
without definite locality c *

wc'c

Calamian Group Busuanca Pland: Concepcion. Lopez BS

Mindoro Islaxd. Mt. Yagaw. Conkliu PNH 18637 (A, l).

Burgos, Ramos J

of Camal-

itwecn Lal-lo and Magapit. Lagri-

locality, Paraiso FB 25S57 (ghK Cagayan Province:

;
Camalaniugan, Lizar

Bartlett .

PXH 40650 ibm. li: Pinagteponan River. Edano BS 78347
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(mich)
;
Mt. Bawa, Edano BS 78489 (mich)

; Calamanugan, Bacani FB 16990
(bm, nsw)

; Penablanca, Ramos BS 76745 ( mich. n v > ; without definite locality,

Bernardo FB 13126 (p), FB 27080 (a, bm), Ramos BS 7394 (l). Benguet Sub-

province: Merrill 9693 (us). Pangasinan Province: Mt. San Isidro, Fenix BS
29976 (a, l). Nueva Ecija Province: Mt. Umingan, Ramos & Edano BS 26379
(a, us). Bulacan Province: Leuterio FB 24727 (gh). Rizal Province: Loher

15053 (p), Ramos BS 1060 (u, us), Reillo BS 19255 {Merrill Species Blancoanae

55) (a, bm, k, l, nsw, ny, p, us, w). Bataan Province: Mt. Mariveles, Borden
FB 1333 (bm, nsw), Elmer 6724 (ny), Foxworthy BS 1581 (ny, us), Loher

5025 (k), Merrill 298 (a, mich. ny. uc. us), 31S5 (k. nyi. 3870 (k, ny, p, us),

Williams 606 (gh, ny, us). Quezon Province: Tagcawavan, Foxworthy &
Ramos BS 13089 (bm, us), Mendoza PNH 97817 (bm, k) ; without definite

locality, Cailipan FB 26024 (l). Without definite locality: Vidal 1194 (a, l).

Samar Island. Oro FB 20826 (us). Leyte Island. Palo. Elmer 7086 (a, ny).

Sulu Archipelago. Tawitawi Island: Yates BS 36320 (l). Mindanao Island.

Zamboanga Province: Port Santa Maria, Simbajon FB 31428 (ny). Celebes and

neighboring islands. Kabaena Island: Elbert 3465 (canb, p, us). Papua.

Western District: Bensbach Subdistrict, Weam, Ridsdale NGF 33503 (canb);

upper Wassi Kussa River, Brass 8643 (a, k, l, lae) ; Mai Kussa River, Sebidiro,

Henty & Katik NGF 38761 (canb)
; Daru Island, Brass 6309 (a, holotype of

Acronychia elliptica Merr. & Perry; bri, l, lae, isotypes). Cultivated. Mauri-
tius: Telfair (ny). India: Botanic Gardens, Calcutta, Voigt 270 (us). Java:

Botanic Gardens, Bogor, Anonymous (k, u).

The nomenclature of this species has a long history of confusion, stem-

ming, according to Dryander (1794: 232) and Trimen, in his study of

Hermann's Ceylon herbarium and Linnaeus's Flora Zeylanica (1888: 140),

from the fact that Linnaeus, in his Flora Zeylanica, mixed up the native

names of species 139, Jambolifera, and species 185, Myrtus [M. cumini

L. Sp. PI. 1: 471. 1853 = Syzygium cumini (L.) Skeels], giving Jambo-
lones, Jambolons, and Madan for the former and Ankenda for the latter

when it should have been the reverse. Trimen referred the specimen in

the Hermann herbarium representing species 139 to Acronychia laurifolia

Bl. Alston [in Trimen, Handb. Fl. Ceylon 6 (suppl.) : 37. 1931] cor-

rectly assigned the plant to A. pedunculata (L.) Miq. and listed A. lauri-

folia as a taxonomic synonym.
A note (apparently written by Dryander) on one of the British Museum

sheets cited above, Koenig, from Ceylon, further confirms Trimen's identi-

fication of the Hermann specimen of Jambolifera. It reads (in part) : "Mr.

Schumacher says that Prof. Rottboell has compared this plant (of which

Koenig has sent him specimens) with Jambolifera pedunculata in Her-

mann's herbarium, now in possession of Count Moltke, and found it to be

the same."

Apparently because of the confusion surrounding the identity of Jambo-
lifera pedunculata, a number of authors besides Trimen, for example,

Engler (1896: 180; 1931: 310) and Hooker f. (Fl. Brit. Ind. 1: 498.

1875), have chosen to use the name Acronychia laurifolia for this plant.

Other authors, including Merrill (Enum. Philip. Fl. Pi. 2: 333. 1923,

Alston (loc. cit.)) and Li (Woody Fl. Taiwan 364. 1963), have used the
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name A. pedunculata even though doing so was an acknowledgment that

Jambolijera, rather than Acronychia, is the correct name for the genus.

As is mentioned above in the discussion of generic nomenclature, a pro-

posal has been submitted for the conservation of Acronychia against Jambo-

lijera.

Several of the taxonomic synonyms given above were previously re-

duced to that status: Gela lanceolata and Jambolijera rezinosa were placed

in synonymy under Acronychia prdunculata by Merrill (1935: 200); A.

laurijolia has been treated as a synonym of A. pedunculata by a number of

authors including Alston (loc. fit.). Merrill (1935: 200), and Li (loc. cit.)
;

A. arborea was placed in the synonymy of A. laurijolia by Ridley (Fl. Ma-
lay Pen. 1 : 347. 1922) ; Melicope conjerta was recognized as a synonym of

A. pedunculata by Merrill (Sp. Blancoanae 199. 1918) ; and Clausena sim-

plicijolia was placed in the synonymy of 1. laurijolia by Hooker f. {loc.

cit.).

The type of Acronychia apkulata falls well within the range of vari-

ation of A. pedunculata as delimited here. Miquel inadvertently credited

Junghuhn with the type collection, actually made by Teysmann in the

Lampong Districts of southern Sumatra.

Acronychia barberi was based on what appear to be abnormal speci-

mens. Both of the syntypes have a fair proportion of leaves that are un-

usually small and thin-textured for .!. pedunculata. These reduced leaves

tend to predominate on some branchlets and not on others, indicating, per-

haps, that somatic mutations may be responsible for their presence.

In the original description of Acronychia clliptica. Merrill and Perry

noted its similarity to A. pedunculata but pointed out that the former

differed in having glabrous petals and disc and a shorter inflorescence.

These features have now proven to be variable in A .
pedunculata and it is

not possible to maintain the Papuan plant as a separate species.

The closest relative of Acronychia pedunculata appears to be A. tri-

joliolata var. trijoliolata, some specimens of the two seeming to be identical

except for the difference in leaf complexity.

As is indicated in the description. Acronychia pedunculata is extremely

variable. I have not found it possible to recognize more than a single taxon,

however, since the variants either occur in mosaic patterns of geographic

distribution or are rendered unkeyable by intergradation. The disc, for

instance, is consistently pubescent in specimens from northeast India,

Ceylon, and Java; consistently glabrous in specimens from the Philippines,

Celebes, and Papua; and either pubescent or glabrous in specimens from

southern India, Indochina, China, Sumatra. Malaya, and Borneo. The

fruits, further illustrating the problem, are generally of the large size

range (10-15 mm. wide) in Sumatra, yet grade into the small size range on

that island. Similar gradations in fruit size also occur in India, Ceylon,

Indochina. Malaya, and Borneo.
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Acri'iiychia albifiora Rechinger. Denkschr. Akad.

Melicope. 11

i Acronychia anomala Lauterb.

14: 145. 1924 = Evodia anon

hamii (Hook.) Hook. f. in Benth. & Hook. Gen. PI. 1: 297. 1862.

Acronychia cuspidata Lauterb. Bot. Jahrb. 55: 254. 1917. The holotype of this

species was apparently destroyed at Berlin and I have not seen any isotypes.

Described from the Sepik River of New Guinea on a flowering collection, it

seems rather cloc u> Atn-nuhi.i >>,,i^ii Hartley but differs, judging from

Lauterbach's description, in having cuspidate leaflets, each with tip 1.5 cm.

long; inflorescences 2.5 cm. long; the acutely lanceolate sepals 1.7 mm. long;

and in having glabrous staminal filaments. The ovary is described merely as

"glabrum truncatum," so there is no certainty that this is an Acronychia.

Acronychia diversifolia A. Gray, Bot. U.S. Expl. Exped. 1: 334. 1854, sphalm.

— Melicope.

Acronychia endlicheri Schott, Rutaceae. Frag. Bot. 3, t. 2. 1834 [Jambolijera

102. 1891 j. nomen illez.it.. ct.

Acronychia esquirolii Leveille, Fl. Kouy-Tcheou 374. 1915. I have not seen an)

authentic material of this species. It is doubtful that it belongs in Acronychia

however, since the leaves are described as verticillate and the flower color a:

•auerella will be the subject of a future study and t
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Acronychia heterophylhi A. Grav. Bot. L'.S. Exp]. Exped. 1: ivv 1S54 & /. 32.

1857 [Jambolifera heterophy'lla (A. Grav) 0. Ktze. Rev. Gen. PI. 1: 102,

1891] = Mclicope.

Acronychia hillii F. Muell. Frag. Phytogr. Austral. 1: 26. 1858 Bauerella.

Arnold Arb. 51: 213, fig. 1(d). 1970 =

Acronychia lobocarpa F. Muell. Jour. Bot. 30: 17. 1892 = M
Acronychia nutcana St. John. Bishop Mus. Bull. 178: 67. fit

Acronychia obovata Merr. Philip. Jour. Sci. Bot. 12: 2 74. 19

Acronychia oin phhhia Merr Philip. Jour. Sci. Bot. 23: 246.

.' !:olmt \ Gra> Bot L S E\pl Exped 1: ?35 b ; (\/ -' 1>

1S57 [Jambolifera petiolarh (A. Grayi (). Ktze. Rev. Gen. PI. 1: 102. 1891

Acronychia simplicifolia ( Endl. i McGillivray & Green subsp. petiolaris (A

Gray) P. S. Green, Jour. Arnold Arb. 51: 212. fig. 1(c). 1970] = Bauerella.

Acronxchia retusa A. Grav. Bot. U. S. Expl. Exped. 1: 338. 1854 & f. J4U).
1857 [Jambolifera retusa (A. Gray) 0. Ktze. Rev. Gen. PI. 1: 102. 1891] =
Melicope.

.4r/-»HVf///<z richii A. Crav. Bot. L'. S. Kxpl. Exped. 1: 336. 1S54 & t. 33

1857 [Jambolifera richii (A. Gray) 0. Ktze. Rev. Gen. PI. 1: 102. 1891

Melicope.

Acronychia rubescens Lauterb. Bot. Jahrb. 55: 252. 1917. I have not seen

authentic material of this species, described from the Sepik District of ]

Guinea, and have not been able to match its description, based on a si

collection in flower bud only, with any of the known species of Acronychia

: Bauerella.

a, A. oligophlebia,
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Euodia haplophylla F. Muell. Frag. Phytogr. Austral. 5: 179. 1866 [Anonychia
haplophylla (F. Muell.) Engl. Nat. Pflanzenfam. III. 4: 180. 1896] =

Evodia minakassae Teysm. & Binnend. Natuur. Tijdschr. Nederl. Ind. 29: 255.

1867 [Anonychia minahassae (Teysm. & Binnend.) Miq. Ann. Mus. Lugd.-
Bat. 3: 245. 1867] = Melicope.

Evodia muelleri Engl. Nat. Pflanzenfam. III. 4: 121, fig. 67(G-D). 1896 [Anony-
chia muelleri (Engl.) W. D. Francis, Kew Bull. 1931: 190. 1931] = Evodiella

muelleri (Engl.) Linden, Nova Guinea (New Ser.) 10: 147. 1959.

Jambolifera chinensis Spreng. Syst. Veg. 2: 216. 1825 [Cyminosma chinensis

(Spreng.) G. Don, Gen. Syst. 1: 781. 1831], nomen illegit., based on Jamboli-

fera pedunculata sensu Lour. Fl. Cochinch. 231. 1790 = Syzygium.

Jambolifera coromandelica Houtt. Natuur. Hist. Ser. 2. 2: 273, pi. VII, fig. 2.

1774. I do not recognize the genus but this is not an Anonychia.

Jambolifera odorata Lour. Fl. Cochinch. 231. 1790 [Cyminosma odorata (Lour.)

DC. Prodr. 1: 722. 1824; Anonychia odorata (Lour.) H. Baill. ex Crevost &
Lemarie, Cat. Prod. Indochina 1: 172. 1917]. I have not seen authentic

material of this species. Merrill, A commentary on Loureiro's "Flora Cochin-

chinensis," 220, 1935, refers it to Anonychia sp,, but this determination
seems unlikely since the inflorescence is described as racemose and the fruit

as one-seeded.
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Moriarty 519 (22).

Mouret 99 (42).

Mousset 7057 (37a).

Mukharjee 24 (42).

Muller 1610 (42).

Nakahara 702 (42).

Nauen .S"F 57655 (42).

Netherlands Indies Forest Service

(NIFS), the following by anony-

mous collectors: Ja 1748 (37a); Ja

1936 (42): Ja 2153. Ja 2177 (37a);

Ja 2377 (42); 7a 2573, Ja 3562,

Ja 3816 (37a); Ja 3984, Ja 4011,

bb 5232, bb 8764 (42); bb 24984,

bb 26292 (37a).

Noe . 270 i

Noerkas Exped.

Ogata KEP 105017 (42).

(37a).
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O'Hara & Coveny 3508

Olsen 301 (28); 373 (A

\ an ( )oststroom 12615 (

Oro F73 20826 (42).

O'Shanesy 55 ser. 9 (1

( ismaston 7207 (42 ).

Rodd & Jones 684 (21).

Rodway 577, 7557 (6).

van Royen 3329 (36): 2VGF 2024J.

.YG7< JW77 (3 7c): .YGF 2(Wi2

van Royen & Sleumer 6465 (37b);

7ns 5 7112

Paraiso FB 23857 (42).

Parkinson 378 (42). Saikeh 5.-1 A' 65775 (42).

Peraich (?) 753 (41). Saimoendt 24 (42).

Pereira 5.4.V 43436 (42). Saldanha P04<5 (42).

Petelot 1048. 1048 bis, 1059, leg. Saunders 630 (33): 757 (39);

Colani 3545, 3883, 4303, leg. Colani (12); 1045 (33).

4545. 5840, 5841, 7856 (42). Sauveur 1160 (42 I.

Phusomsaens 35 (42). Savers 767 (20); NGF 19939 (

de Pirey 41237 (42). -VGF 27207 (26).

Poilane 385, 637, 651, 1057, 3085, Scanlan 2B ( 11).

3377, 54P0. 7332, 9267, 9607, 70777, Scarth-Johnson 727(33) (2).

77977, 72237. 72-705. 73760. 73325. Schlechter 73007. 75507, 15555 (1

74322, 16144. In349. 20981. 21794. Schmutz 431. 452. 467, 476, 651,

21968. 22985. 23399. 23843, 32276 985. 1077. 1955. 2095 (37a).

(42).

Porter 1205 (42).

Prain's Collector 58, 95 (42).

Pulle 645 (33); 997, 1015 (12).

Pullen 440 (31); 487 (33); 520 (13);

1436 (38); 2750 (39); 5198, 5290

(12); 55-70 Caff. 13); 7523 (37c);

5030 (12).

Punj 22 (42).

Put 1386, 1395, 1938. 2241, 2676,

3065, 3156. 3681, 4115 (42).

Rahmat si Toroes 3355, 3496, 3526,

3600. 3744, 3812, 3832, 3984 (42).

Ramos 735 1060, BS 7394. BS 27357.

BS 76745 (42).

Ramos & Edafio 735 26379 (42).

Rechinger 2479 (42).

Reillo 735 19255 (Merrill Species

Blancoanae 55) (42).

Reynoso PNH 87756 (42).

Ridley 3090, 7940 (42).

Ridsdale NGF 30251 (18) ; NGF 33503

(42); NGF 36952 (12).

Ridsdale & Woods NGF 33782 (37c).

Robbins 242. 473 ( 12) ; 539, 599 (20) ;

833 (39); 924 (20); 7720 (31);

5075. 3527 (12); 3325 (31).

. 2/72

•76 (28);

Schodde & Craven -7505 (37c); 4896,

4966 (12); -7957 (39).

Schodde & Hayes 3555 (21).

Scortechini 75 (28).

Seemann 2475 (42).

van der Sijde BW 4085. 73JF 5574

de Silva -70. 55. 256 (42).

Simbajon FB 31428 (42).

Simpson 8796, 9479 (42).

SinancKul SAN 40518. SAN 56223,

SAN '7285 (42).

Sinclair SF 39302 (42).

Sinclair & Salleh SF 40801 (42).

Simrh. H.. 53 (42).

Singh. J..
5.4.Y 2-7755. SAN 28315,

SAN 28328 (42).

Singh, R. C. 26 (42).

Smith, f. J.. & Rant 593 (42).

Smith. L. S.. NGF 1105 (25); 70P34

(28): 77-707 (41); 11456 (28);

11468(6); 12116(41); 72775(21);

72350(41); 14185 (6); 14192 (11);

14346 (41); 74679, 74667a (2).

Smith. L. S.. & McGillivray 3075 (6).
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Smith. L. S., & Webb 3141 (5); 3595

( 2S i
; 3596 (6) ; 3599 (1) ; 5605 (6).

Smitinand 1962 (42).

Smythies 75657 (42).

Soepadmo 187 (42).

Spiden 5/(6).
Spire 93 (42).

St. John 24114 (42).

(39).

Stone Z„4£ 53239

Story & Yapp J23 (5).

Streimann YGF 25057 (20); NGF
30848 (18) ; LAE 51969 (37c) ; I4£
51972 (37b).

Streimann & Kairo NGF 39063 (37b)

;

YGF 47592 (37c).

Sweklie 1454 (42).

Szent-Ivany BMF 5, BMF 5/A (12).

SAN 52924, SAN

Thorel 1188 (42).

Thome 25702, 25742 (11).

Thozet, A., 773 (5).

Thozet, M., 27 (11).

Thwaites CP 1249 (42).

Tsang J 06, 359, 380, LU 16540,

22468, 23815, 24099, 24522, 25660,
26754, 26946, 27161, 27469, 29180.

29577, 29911, 30295 (42).
Tsang & Fung 635 (42).

Tsiang 627, 758, 811, 938, 939, 1625,

1634, 1641, 2562 (42).
Tuckwell 1 (31).

Turnau 742 (42).

Vachell 119 (42).

Vandenberg et al. NGF 40052 (31).
Vandenberg, Katik & Kairo NGF 39820

(26); NGF 39850 (12).
Verheijen 2046, 2047, 2048, 2147,

2350, 2734 (37a).

Verreaun 139 (6).

Versteeg 2417 (12).

Yersteegh BW 10398 (17).

Vidal 1194 (42).

Vieillard 285, 285 bis, 289, 2436 (11).

Viginein-Roche 7, 2, 3 (42).

Vink 16517 (20); 77705, 17512 (12).

Vink & Schram BW 8674, BW 8991

(13).

Yirot 247, 540, 775, 818, 939, 950,

1063, 1165, 1181 (11).

Voigt 270 (42).

Yolek QF 54/128 (11).

Wade ANU 7335 (33).

Walker ANU 759 (31).

Wallich Cat. No. 1205, Cat. No. 1205B,

4325 (42).

Wang 521, 33193, 33624, 33944,

35794, 36019, 36504, 36557, 74212,

74387, 74438, 75711, 75866, 75935,

77201, 77427, 77650, 78110, 78616,

78653, 79114, 79133, 79494, 79662,

80660, 81135 (42).

Webb 729 (40); 749 (22); 1534 (41);

2088 (22); 2089 (24); 2105 (28);

leg. Tracey 3395 (5); 5010 (6);

5043 (22); 5052 (24).

Webb & Tracey 3633 (6); 6210 (41);

6330 (21); <5JJ4 (41); 6678, 6835

(24); 7.7<?5 (40); 7222 (22); 7257

(10); 7622 (11); 7652 (40); 7603

(11); 7820 (40); 7577, 7937 (11);

7944 (40); 70760 (7).

Webb & White 2135 (1).

Whaite 3030 (1).

Wheeler 4/Vtf 5881 (20).

White 557 (11); 1564 (22); 7565

(24); 2055, 2268 (11); 5555 (28);

55<57 (41); 6026 (28); <50P0 (11);

6264 (28); 6270 (1); 6575 (6);

7055 (1); 7420 (41); 7536 (6);

7555 (28) ; 7728, 10085, 10086 (11);

70557 (6); 70440 (41); 70665 (2);

10678 (23); 70774 (2); 70505 (11);

12071 (28); 72052 (1); 72572 (6);

72574 (28); 72655(5); 72572(40).

Whitmore FRI 437, FRI 3108, FRI

?>5v i

(V. i.
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Womersley NGF 4364 (20); NGF
4466 (39) ; NGF 4490, NGF 4873,

NGF 6026 (20); NGF 6049 (25);

NGF 9427 (20); iVGF 11247 (29);

A^GF m,?J (20) ; NGF 11720 (25) ;

NGF 14125 (20) ; ATGF 14127 (25) ;

A^GF 15230 (12) ; ATGF 17911, iVGF
19190 (37c); AGF 19325 (37b);

NGF 24501 (18) ; ATGF 24642 (20) ;

NGF 24903 (37c); NGF 37188

Womersley & Floyd NGF 6942 (39).

•ROWYHIA iRlTACEAE)

Womersley & Millar NGF 8337 (

NGF 8556 (37b).

1851/3 Womersley, van Royen & Ver

A7GF 5998 (20).

Womersley & Sleumer NGF .

NGF 13918 (12); NGF 13938

Womerslev & Woolliams A
TGF

(39); NGF 37080, NGF
(26).

Wood, D. D.. 2474 (42).

Wood, G. H. S., SAN 17199, Ke
Field No. 76118 (42).

Worthington 49, 141, 1579, i

2864 (42).

70, BS 36320 (42).
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Jorge Victor Crisci

Plants belonging to genera of the subtribe Nassauviinae (Composi-

tae, Tribe Mutisieae) are an important component of the Andean flora of

South America. Several species of Nassauviinae are dominant elements of

extended areas, such as Nassauvia axillaris in Patagonia; Proustia cunei-

jolia in the phytogeographical region of Prepuna (Cabrera, 1971c), and

Proustia ilkijolia in the Mediterranean region of Chile.

Several genera of the subtribe have been monographed recently, among

them Panphalea [as Pamphalea] (Cabrera, 1953a), Proustia (Fabris,

1968), and Perezia (B. S. Vuilleumier, 1969). The arrangement of the

genera in the subtribe, however, is very unclear. This has prompted me to

undertake the present study, because I thought that numerical techniques

could profitably be applied to quantify the taxonomic distances between

the genera.

The limits of the genera of the Nassauviinae have been determined on the

basis of my personal knowledge and published works on the subtribe by

others. Two unresolved problems remain after following this procedure;

first, a number of species continue to be hard to place in the classically ac-

cepted genera, and second, the relationship between the genera is still un-

This paper reports the results of a numerical study undertaken in an

attempt to solve these problems.

CONCEPT OF GENUS

Generic concepts have recently been discussed from various points of

view by several biologists, notably Anderson (1940), Greenman (1940),

Bartlett (1940), Camp (1940), Sherff (1940), Lawrence (1953), Bailey

(1953), Eames (1953). Cave (1953), Mason (1953), Rollins (1953),

Tutin (1956), Stebbins (1956), Cain (1956), Anderson (1957), Michener

(1957), Inger (1958), Solbrig (1960), Simpson (1961), Love (1963),

Rosen and Bailey (1963), Davis and Heywood (1963), Kirpicznikov

(1968), Mayr (1969), and Legendre and Vaillancourt (1969). Neverthe-

less, a few points might be pertinent to the problem under consideration.

They also will illustrate my ideas about these matters and the underlying

principles of this work.

Definition of any taxonomic category is very difficult, but probably no

taxonomic category causes as much difficulty as the genus. Since there is

no operational definition available, one is forced to adopt a pragmatic

definition: the genus is the lowest higher category and the lowest of all
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categories established strictly by comparative data; it may contain a single

species, or a monophyletic group of species; it is separated from other

taxa of the same rank (other genera) by a decided gap (Cain, 1956;

Mayr, 1969).

There are no taxonomic characters which prove generic distinctness.

Characters useful in one family for delimitation of genera may be useful

in other families only for delimiting sections or species, or they may have

Recognition of a genus is generally based on the occurrence of correlated

character complexes.

Delimitation of genera is largely determined by an author's concepts

and is therefore somewhat subjective. It also is likely to be influenced by

traditional usage in a particular family.

In the Compositae the tendency has been to distinguish many genera.

In a family as large and homogeneous as this one it is difficult to obtain

a good understanding of large genera, e.Lr .. Senecio, Ilnplopappus, Bac-

charis, Solidago, etc., while smaller groups (which are not necessarily too

small) can be better understood. Furthermore, "small"' genera are more

likely to represent natural groups, that is to say. phylogenetic units.

The criteria used in this paper to determine generic limits in the Nas-

the following: each genus should be (1) internally homo-

(2) separated from the other genera by a discontinuity (gap);

i the evolutionary concept (phylogenetic units); and

(4) consistent with the traditional usage of the concept of genus in the

family Compositae. If after use of these criteria there were several alter-

nate ways of delimiting the genera, the same principles were used as in the

recognition of any scientific theory: "Where alternatives are available, we

stand by the theory or concept that is most useful, the one that generalizes

the most observations, and permits the most reliable predictions" (Inger.

1958: 383).

Finally the subtribe Nassauviinae serves as another example of Steb-

bins's (1956: 242) observations: "They make it impossible for us to erect

a system of genera in which all intergeneric gaps have the same degree of

validity from the standpoint of inter-] urine relationships.

In the manner presented above, the limits of the genera of Nassauviinae

have been determined on the basis of the criteria described. Twenty-two

genera were accepted. Four species of uncertain parentage were difficult

to place in these genera, and for the purposes of this paper these critical

taxa were treated as monotypic genera.

Each of the 26 "genera" was considered to be a basic unit possessing a

'Tool" of characters. In reality each genus includes one or more species

and each species is composed of a number of populatic

all taxa below the rank of genus cont
"

The boundaries of our units are the $

each of these units potentially able to produce any of the c

its components (species) have.
.

Macrachaemum. Proustia, Lopkopapjms, and Calopappus were included
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AcutRTiA D. Don

Xassai via Commerson ex Jussieu

Triptilion Ruiz & Pavon
Leucheria Lagasca

Moscharia Ruiz & Pavon
OXYPHYLLUM Philippi

Polyachyrus Lagasca

Marticorenia Crisci

Leunisia Philippi

Macrachaenium Hooker f.

Pleocarphus D. Don

Crisci (in

Crisci (1974b)

monotypic

Ricardi (in preparatio

monotypic

monotypic

Browne

Dolichlasium Lagas

Panphalea Lagasca

Holocheilus Cassini

Lophopappus Rusby
Proustia Lagasca

Cephalopappus Nee;

Calopappus Meyen

monotypic

ferrate (partial, 1951)

Cabrera (partial, 1936), Loja (partial,

1969), Anderson (partial, 1972).

monotypic

monotypic

Cabrera (1953a)

Cabrera (1968)

Cabrera (1953b)

Fabris (1968)

monotypic

Crisci (in preparation)

anions; the 22

Both

accepted, but some authors have placed these four

l other subtribes of the Mutisieae.

Proustia and M-urachiunium have sometimes been placed in the

Mutisiinae (Hoffmann, 1893; Cabrera, 1961) because of their rounded
styles. But for each genus the presence of flowers with bilabiate corollas,

tailed anthers, and the type of exine stratification -how that its position

in Xassauviinae is not unnatural. Species of Lophopappus also have
rounded styles and in some there are 5 -partite corollas, characters which
have led Cabrera (1961) to place this genus in an uncertain position

(Mutisiinae or Gochnatiinae). but the presence of predominantly bilabiate

corollas, tailed anthers, and the exine stratification again indicate Lopho-
pappus is best placed in Xassauviinae.
De Candolle (1838) was the only author who excluded the genus Calo-

pappus from the Xassauviinae, but its truncate style, bilabiate corollas,

tailed anthers, and the exine stratification indicate Calopappus is also best

placed in Xassauviinae.

METHODS
A thorough search of the literature on the morphology, phytogeography,

the subtribe and of each group was undertaken.
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Table 2. Chromosome numbers of members of the subtribe Na:

.1. microcephala

A. thurberii

B. S. 1969).

VuiUeumier, B. S. 1969.

Powell. M., et al. [in press].

Mos

L. siuiveokns

L.

L.

L.

L.

L

thcrmxv um

millefolium

M. joliosa

N. darwinii

-V. gaudichaudi

-V. magellanka

Crisci, J. V

Crisci. J. V. unpublished

Crisci. J. V. unpublished

Crisci. J. V. unpublished

Moore, D. unpublished.

Moore. D. 1967.

Moore. D. unpublished.

Moore, D. 1967.

P. cardinicclloides

B. S. 1969. Sneider

VuiUeumier, 1969).

Coleman. J. R. 1968.

Heiser, C. 1963.

r. B. S. 1969;

L. 1961.

VuiUeumier. B. S. 1969.

Moore, D. unpublished.

Moore. D. unpublished.

Moore. D. unpublished.
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bers of members of the subtribe Nassauviinae.

RIXIS

T. California

T. paradoxa

T. nelsonii

T. inula

Turner, B. L., et al. 1962.

Powell, M., et al. [in press].

Powell. M.. & B. L. Turner.

Turner, B. L., et al. 1962.

Powell, M., et al. [in press].

Diers. L. 1961.

Powell, M., et al. [in press].

Raven. P. (ex C. Anderson,

1972).

Turner, B. L, et al. (ex C.

These data were augmented by morphological studies of the genera based

on herbarium material. All the organs were boiled in water before obser-

vation. Some pollen grains were acetolized (Erdtman, 1960), other pollen

grains were placed in 95 per cent ethanol with basic fuchsin and mounted

in glycerine jelly. The styles were treated with cloral-hydrate for 24 to 48

hours. Other styles were examined with a Scanning Electron Microscope

(SEM). Taken directly from the herbarium material, the styles were

placed on specimen holders, then coated with 50 A to 100 A carbon and

about 200 A to 300 A gold-palladium alloy for conductivity. Finally the

specimens were photographed using high resolution SEM, AMR model 900.

The abbreviations for herbaria are taken from the fifth edition of the

Index Herbariorum (Lanjouw & Stafieu. 1964).

The computational work was done in an IBM system 360-70, at the

ter of the Office of Information Technology of Harvard

JERICAL TeCHX

Data accumulation. All characters use
formed to it and divided into their possible s

its, fide Sneath & Sokal,

: accepted.

,
character: flower
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color; states: blue. red. yellow, etc.). Each one of these states was scored

for presence (1) or absence (0). The decision to score the states of the

characters in this way was governed in part by the requirements of the

logic of the work, which deals with units (genera) able (or not) to produce

more than one state in one OTU.
In some cases such as: "receptacle pubescent (1) or not (0)" it is found

that some genera include both species with pubescent receptacle and species

with glabrous receptacle. It is clear that one state will not be enough to

cover the possibilities and for this reason it was scored in the following way:

receptacle pubescent (1) or not (0)

receptacle glabrous (1) or not (0)

receptacle glabrous and pubescent (1) or not (0)

This seems to be logically acceptable and a better presentation of the

The characters' states were scored for each OTU as follows:

(1) Pappus paleaceous (1) or not (0).

(3) Pappus plumose (1) or not (0).

(4) Pappus in one series (1) or not (0).

(5) Pappus white (1) or not (0).

(6) Pappus white and colored (1) or not (0).

(7) Pappus colored (1) or not (0).

(S) Involucre campanulate (1) or not (0).

(9) Involucre hemispherical (1) or not (0).

(10) Involucre cylindrical (1) or not (0).

(12) Involucre with 1 to 2 rows of bracts (1) or not (0).

(13) Involucre with 1 to 2 and 3 to 7 rows of bracts (1) or not (0).

(14) Involucre with 3 to 7 rows of bracts (1) or not (0).

(15) Involucre with more than 5 bracts (1) or not (0).

(16) Involucre with foliaceous bracts (1) or not (0).

(17) Involucre with foliaceous and nonfoliaceous bracts (1) or not (0).

(18) Involucre with nonfoliaceous bracts (1) or not (0).

(19) Involucral bracts with wings (l) or not (0).

(20) Involucral bracts with spines (1) or not (0).

(21 ) Involucral bracts dimorphic (1) or not (0).

(24) Involucral bout mucro (1) or not (0).

(25) Involucral bracts without mucro (1) or not (0).

(26) Inflorescence solitary (1) or not (0).

(27) Inflorescence a cyme or panicle (1) or not (0).

(2S) Inflorescence a glomerulum or pseudocephahum (1) or not (,v).

(29) Capitula sessile (1) or not (0).

(30) Capitula subsessile (1) or not (0).

(31) Capitula with pedicel (1) or not (0).

(32) Pollen grains prolate (1) or not (0).

(33) Pollen grains subprolate (1) or not (0).

(34) Pollen grains spheroidal-prolate (1) or not (0).
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(35) Pollen grains oblate (1) or not (0).

Colpi membrane with sexine process (1) or not (0).

(37) Pollen grains with polar elevations (1) or not (0).

! Oxyphyllum-a type (1) or not (0) [see text].

(39) Exine Oxyphylhun-b type I 1) or not (0).

Exine Trixis type (1) or not (0).

Exine Proustia type (1) or not (0).

Exine Cephalopappus type (1 ) or not (0).

Exine Nassauvia remyana type (1) or not (0).

(44) Present in West Indies ( 1 i or not (0).

;sent in Andes of South America, Patagonia (1) or not (0).

:sent in South Brazil, Uruguay, Paraguay, NE of Argentina

(0).

ot (0).

(50) Leaves entire and partite (1) or not (0).

Leaves partite (1) or not (0).

(52) Leaves with spines (1) or not (0).

3) Leaves with and without spines (1) or not (0).

4) Leaves without spines (1) or not (0).

5) Lower leaves sessile (1) or not (0).

6) Leaves six times or more longer than wide (1) or no

7) Achenes six times or more longer than wide (1) or r

8) Leaf bases cordiform (1) or not (0).

(59) Achenes with "rostrum" (1) or not (0).

(60) Achenes pubescent (1) or not (0).

Achenes pubescent and glabrous (1) or not (0).

Achenes glabrous (1) or not (0).

(63) Style Proustia type (1) or not (0) [see text].

Style Leucheria type (1) or not (0).

Style Onoseris stricta type I 1 i or not (0).

Woolly pubescence present (1) or not (0).

Receptacle with paleae in all flowers (1) or not (0).

(69) Receptacle with paleae only in marginal flowers (1)

70) Receptacle without paleae (1) or not (0).

71) Receptacle pubescent (1) or not (0).

72) Receptacle glabrous and pubescent (1) or not (0).

73) Receptacle glabrous (1) or not (0).

74) Habit of herbs (1) or not (0).

75) Habit of shrubs (1) or not (0).

(76) Habit of vines (1) or not (0).

Capitula with 2 to 5 tlowers ( 1 ) or not (0).

Capitula with 6 to 14 flowers (1) or not (0).

(79) Capitula with 15 to 178 flowers (1) or not (0).

Corollas pubescent (1) or not (0).

Corollas 5-partite (1) or not (0).

Corollas bilabiate (1) or not (0).

(83) Corollas bilabiate and 5-partite Hi or not (0).

Corollas blue (1) or not (0).
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Corollas yellow (1) or not (0).

Corollas orange (1) or not (0).

Corollas red (1 ) or not (0).

Corollas white ( 1 i or not (0).

Corollas violet (1) or not (0).

Anthers pubescent (1) or not (0).

Doubtless there will be slight distortion in the product resulting from the

comparison of genera with different numbers of species, since the genera

with the greater numbers of species may (but not always) have greater

possibilities of producing more character states than those with fewer

species. The project might have been more objective if the genera had the

same number of species, but it is not likely that the result would have been

seriously affected.

Data Processing. Given a basic data matrix (BUM) of 90 character

states by 26 OTU's, the data were- analyzed by three methods of numerical

taxonomy. The aim of the use of more than one method is to minimize

the defects of the technique. The various schemes produced can be com-

pared in the search for common features. If such common features are

found their validity is enhanced since they seem independent of the method

US

An eclectic approach was already used by Solbrig (1969) in the genus

Gutierrezia (Compositae). As in every study based on methods of nu-

merical taxonomy, each method included the following steps:

1) The obtaining of a similarity coefficient (-distance" between each

pair of the 26 OTU's). this from a BDM.
_

2) The linking toother (clustering) of the OTU> in a two-dimensional

graph on the basis of the similarity coefficients obtained in ( 1 ).

Method 1. The similarity coefficient D (A, B) used here is the sum. over

all character states, of the absolute values of the differences between the

character states in OTU A and I ITU B. In the case where X (A. i) denotes

the character state ''i" for OTU A.

D (A. B) = 2 |X (A. i) - X (B. i)
.

The resulting OTU X OTU "distance table"" (an n X n taxa matrix).

Table 3, which gives the distance between all taxa. served as input in ie

calculation of a "Prim network." The Prim network technique was de-

veloped by R. C. Prim (1957) in order to determine the >hmte>t P«.»i ,

network of direct links between a given set of telephone terminals. Hi

technique can be applied as well to problems in systematic biology

(Edwards & Cavalliiforza, 1964; Solbrig. 1969). Basically the pro edure

consists of choosing the shortest links connecting any two V*J^
then lw a process of elimination addin, „,,, l.nk- until all >

I * ate

connected in a network. 1 his allows the construction of a ti

graph representing the possible taxonomic

Method 2. The similarity coefficient used in this method is the "distal
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measure'' denned by Rogers and Tanimoto (1960). This quantity D (A,

B) is the negative logarithm to the base 2, of the ratio of the number of

character states possessed in common by OTU's A and B to the number of

distinct character states possessed by A and B.

„ . . „

.

. Character states in common in A and B
D (A, B) = - log2

Distinct character states possessed by A and B

The resulting OTU X OTU "distance table'' (Table 4) served as input

to the clustering algorithm developed by Van Rijsbergen. This algorithm

operates on a similarity coefficient to generate the clusters of the numeri-

cally stratified hierarchy (phenogram) specified by the single-link method.

The clusters are generated level by level, starting at the lowest, so that the

algorithm is of the agglomerative type. The detailed instructions for doing

this are given by Van Rijsbergen (1970).

Method 3. The "distance table" (Table 3) obtained in method 1 was

used as input to the clustering algorithm of Van Rijsbergen used in

method 2.

TAXONOMIC HISTORY

In 1756 Patrick Browne described the genus Trixis in his The Civil and

Natural History of Jamaica .... However, Browne did not use bino-

mials in the first edition of his work, and in 1766 Crantz named Browne's

plant Trixis inula. This was the first genus and the first species described in

the subtribe Nassauviinae.

Several other genera were described during the next fifty years; Jungia

Linn. f. (1781), Nassauvia Comm. ex Juss. (1789), Trinacte Gaertn.

(1791), Moscharia Ruiz & Pavon (1794), Triptilion Ruiz & Pavon (1794),

and Rhinactina Willd. (1807).
In 1811, Lagasca grouped several genera into his order "Chaenantho-

phorae." This order included three "sections"; the first section included

those genera which are the nucleus of the subtribe Nassauviinae. The pres-

ence of only bilabiate corollas and tailed anther appendages were the diag-

nostic characters for his first section, which contained fourteen genera,

including ten new ones, divided into two groups, those with the receptacle

glabrous and those with the receptacle pubescent. Of these genera, ten

are recognized today; the other four are treated as synonyms of some of

these.

In 1812, Alphonse de Candolle published a paper which dealt with a new

assemblage of ligulate Compositae, the Labiatiflorae. This paper was the

result of research parallel with Lagasca's work on the Chaenanthophorae.

The interesting history of these two parallel works has been described by

Bacigalupi (1931) and by B. S. Vuilleumier (1969).
In 1817 Henri Cassini divided the "Chaenanthophorae" (or "Labiati-

florae") into two tribes on the basis of the shape of the style. His first tribe

is the Mutisiees, with the stylar branch tips rounded (corresponding to

sections 2 and 3 of Lagasca's Chaenanthophorae). The second tribe with



Table 3. Matrix of "distances" between OTU's obtained by sum
character states, the absolute values of the differences between the <

in each pair of OTU's (used in Methods 1 and 3)
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stylar branch tips truncate is the Nassauviees.

name, but it was not until 1819 that Cassini

group as a tribe. Cassini, as did Lagasca, considered the bilabiate corolla

and the tailed anthers to be important tribal characters, but he thought the

truncate stylar branches were the single most unifying character. Cas-

sini s circumscription is essentially that which is recognized today, al-

though at the level of subtribe.

In 1825 Cassini divided the "Nassauvieae" into three sections. The first

section, containing the genera Trixis. I.cucheria, Perezia, Jungia, and

Panphalea, was the most ''ancient" because it showed similarities with the

Senecioneae, presumably for Cassini an "ancient" group. The remaining

genera, Nassauvia, Triptilion. Polyachyrus, Triachne, Mastigophorus,

Caloptilium, and Panargyrus, were placed into a second section which

Cassini considered more "specialized" than the first. The third section

contained those genera which Cassini regarded as doubtful. He excluded

Proustia, placed in this group by Lagasca, from the Nassauviees because

of its rounded stylar branches.

Lessing (1830) divided the tribe "Nassauvieae" of Cassini into two sub-

tribes, Nassauvieae and Trixideae, and here for the first time the name

Nassauviinae was used at the level of subtribe (Solbrig, 1963). Bentham

and Hooker (1873) retained Cassini's circumscription at the subtribal level,

placing the Nassauviinae in the tribe Mutisieae. This work established

the generic composition of the subtribe Nassauviinae (as well as that of

the entire family) which is still used today with but minor variations.

Their most important conclusions were that Nassauvia is closely allied to

Triptilion; Proustia, which they reassigned to the Nassauviinae, is closest

to Perezia; the genus Cleanthcs (= Holocheilus) is a synonym of Trixis.

Hoffmann (1893) followed the classification of Bentham and Hooker,

but like Cassini excluded Proustia and Macrackaenium from the Nassauvi-

inae solely on the basis of their stylar branch tips. He did recognize Clean-

thes as a genus distinct from Trixis.

Modern attempts to assess the systematics of the subtribe Nassauviinae

have been made by Wodehouse (1929) on the basis of pollen morphology,

by Jeffrey (1967), and by B. S. Vuilleumier (1969), each of these a

preliminary survey of the group.

NOMENCLATURE

The list which follows is comprised of names that have been included in the Nas-

and small Capitals are accepted in this paper. Names printed in italics are considered

Acanthophyllum H. & A. = Nassauvia Caloptilium Lagasca = Nassauvia

Acourtia D. Don Calopappus Meyen
Ameghinoa Spegazzini Castra Vellozo = Holocheilus; Trix-



1974] CRISCI. NUMERICAL-TAXnXOMU Ml I>\

Clarionema Philippi = Perezia

Cleanthes D. Don = Holocheilus
Clybatis Philippi = Leucheria
Chabraea DC. = Leucheria

Mryr P.»L\-

Dolichlasium Lagasca
Drozia Cassini = Perezia
Dion, ilia Lagasca ex DC. = Jungia
Dumerilia Lessing = Perezia

Elizd^uirrea Romy = Leucheria

"'/•i D. Don = Moscharia

Ilrteranthus Cassini = Perezia
Holocheilus Cassini

Homanthis HBK. = Perezia
Homoianthus DC. = Perezia

Leucheria Lagasca
/-.'-/ r/tiza Lagasca = Leucheria
Leunisia Philippi

Lophopappus Rusby

Macrachaeniui
Marticorenia C
Martrasia Lagasca = Jungia
Martrasia Cassini = Jungia
Mastigophorus Cassini = Nassauv
Mimela Philippi = Leucheria

M.>s< i! \kia Ruiz & Pavon
Moschifera Molir

Mosi^ia Sprengel = Mosch

via Commerson ex Jussieu

OXY.

I'anu) c.v.m . Don = Nassauvia

gasca = Nassauvia
Panphalea Lagasca

Pentanthus Lessing [non H. & A.;

Raf.] = Nassauvia

Perezia Lagasca

Perezia DC. = Perezia Lagasca

Platycheilus Cassini = Holocheil
Pleocarphus D. Don
Polyachvrus Lagasca

Portalesia Meyen = Nassauvia
Prionanthes Schnark = Trixis

Proustia Lagasca

PtHunts D. Don = Leucheria

Rhinactina Willd. = Jungia

Sphaerocepkalus Lagasca ex DC.

Strongyloma DC. = Nassauvia

ea Colla = T

hits Hooker - N
:te Gaertner = Jx

[Liox Ruiz & Pav

i Browne

Bertolonia DC. ex Cassini, Opus. Phyt. 2: 153. 1826. A name attributed

to De Candolle by Cassini and considered a synonym of Lasiorrhiza Lag.

In Ann. Mus. Paris 19: 65, 71. PI. 5 {Tab. XIV). 1812, De Candolle de-

scribed the new genus Chabraea and made the combination Chabraea pur-

purea based on Perdictum purpureum Vahl. He referred to Tab. XIV on

the facing page (from 71), an illustration labeled Bertolonia purpurea, a

name which does not occur anywhere else in that paper.

Cassiopea D. Don, Trans. Linn. Soc. I. 16: 215. 1830. This name is

frequently listed as a synonym of Leucheria, but it was actually used only

as a sectional name by Don and by De Candolle.

Clariona Sprengel, Linn. Syst. Veg. ed. 16. 3: 504. 1826. An orthograph-

ic variant of Clarionea Lag. ex DC.
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Clarionia D. Don, Trans. Linn. Soc. I. 16: 204. 1830. An orthographic

variant of Clarionea Lag. ex DC.
Frageria Delile ex Steudel, Nomencl. ed. 2. 1: 645. 1840. A nomen

nudum attributed to Delile by Steudel who considered it a synonym of

Lasiorrhiza Lag.

Ilomoeanthus Sprengel. Linn. Syst. Veg. ed. 16. 3: 503. 1826. An ortho-

graphic variant of Homoianthm Bonpl. ex D(\ Ann. Mus. Paris 19: 65.

hanthus DC. Prodr. 7: 63. 1838. An invalid name listed in the syn-

onymy of Homoianthus by De Candolle.

Maclovia \)C. ex Steudel. Nomencl. ed. 2. 1: 338. 1840. Listed in the

>ynonyinv of Chabraea DC. by Steudel. but published by De Candolle

only as a section of Chabraea.

Microspermum Lag. Gen. Sp. Nov. 25. 1816. Although this genus has

been included in the Nassauvinae by several authors, it is a member of the

Helenieae.

Moscaria Persoon, Synopsis Plantarum 2: 379. 1807. An orthographic

variant of Moscharia Ruiz & Pavon.

Pcntanthus H. & A.. Hooker, Comp. Bot. Mag. 1 : 32. 1835 (non Lessing.

nee Raf.). This taxon was cited by De Candolle as a member of the Nas-

sauvieae, but is, rather, a member of the Senecioneae and at present is con-

sidered a synonym of Paracalia Cuatrecasas.

Perczia LaLlave & Lexarza ex DC. Prodr. 7 : 65. 1838. A name listed by

De Candolle as a synonym of Acourtia D. Don.

Pogonura DC. ex Lindley. Introd. Nat. Syst. ed. 2. 263. 1836. A nomen

nudum attributed to De Candolle by Lindley but apparently never pub-

lished by De Candolle. Frequently listed as a synonym of Perezia Lagasca.

Scolymanthus YVilld. ex DC. Prodr. 7 : 63. 1838. An invalidly published

name listed by De Candolle only in the synonymy of Homoianthus DC
Leukeria Endl. Enchiridion 249. 1841. An orthographic variant for

Ia' i<< Jtrria Lagasca.

Leuceria is an orthographic variant of Leuchi ria Lagasca which has been

used rather consistently since 1830 when I). Don first took it up. In addi-

tion to Lagasca's original description (1811) and Don's paper of 1830. De

Candolle in 1812 published a description of the genus using another ortho-

graphic variant. I.curatria. and Lessing in 1830 called it Lcuchaeria. There

is no provision in the Code for changing Lagasca's original spelling of the

Anargyrum Steudel, Nomencl. ed. 2. 1: 84. 1840. A nomen nudum at-

tributed to De Candolle by Steudel and considered a synonym of Nassowia.

It was published by De Candolle (Prodr. 7: 54) in a subgeneric category

of Panargyrum.
Nassovia Batsch, Tab. Affin. Reg. Veg. 251. 1802. An orthographic vari-

ant of Nassauvia Comm. ex Jussieu.

Piptostemma Spach, Hist. Veg. Phan. 10: 34. 1841. A nomen nudum

attributed to D. Don by Spach and considered a synonym of Nassauvia.

but apparently never published.
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16. Panphalea

17. holocheilus

18. Lophopappus

19. Proustia

20. Cephalopappus

21. Proustia v
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RESULTS

The tribe Mutisieae is represented in both hemispheres, but most of the

genera occur in the Southern Hemisphere with a great center of concen-

tration in the southern part of the Andes of South America. Centers of

lesser importance are in Mexico, in the mountains of China, and in tropical

and southern Africa. In Europe there occurs only one genus, Berardia, its

position in the Mutisieae doubtful since it presents combinations of the

usual characters of the Mutisieae and of the Cynareae. The tribe Mutis-

ieae includes about 86 genera and nearly 1000 species; these have been

divided by various authors into 3 to 5 subtribes— Bentham & Hooker

(1873), Barnadesieae, Onoserideae, Gochnatieae, Gerbereae, and Nas-
sauvieae; Hoffmann (1893), Gochnatinae, Gerberinae or Mutisinae, and

Nassauvinae; Cabrera (1961), Barnadesinae, Gochnatinae, Mutisinae,

The subtribe Nassauviinae is an American group, with most genera

occurring in the extratropical parts of South America. The greatest con-

centration of genera and of species is in the southern Andes. With the

exception of Trixis, Acourtia, and Jungia, all of the genera of the Nassau-
viinae are endemic to South America. The subtribe includes about 300

species and 40 per cent of the included genera are monotypic.

Distribution and ecological conditions. Genera of the Nassauviinae

occur in extratropical South America (very few in tropical parts of the con-

tinent), in Central America, in the West Indies, and in North America
south of the 32nd parallel. This general area can be divided into five re-

Region 1 : Andes of South America, north Chilean deserts, and Patagonia.

Seventy per cent of the genera and species are endemic to this region. Here

occur Xassauvia, Triptilion, Leucheria, Moscharia, Oxyphyllum, Polyachy-

rus, Marticorenia, Leunisia, Macrachaenium, Pleocarphus, Ameghinoa,
Dolichlasium, Lophopappus, Proustia, Calopappus, and one of the critical

taxa, Perezia lanigera. Although Jungia, Trixis, and Perezia are not en-

demic to this region, they do occur here, and most of the species of Perezia

occur in the Andes.

Several major kinds of vegetation, each occupying numerous micro-

habitats, occur in the Andes, and in each of these microhabitats there are

found some species of Nassauviinae. Most of this region is dry and/or

at high altitudes, but it does include some moist environments, such as the

paramos of Venezuela, Colombia, and Ecuador, where a few species of

Perezia occur, and, in the south, the Nothofagus forest, where there occur

a few species of Perezia and of Leucheria and Macrachaenium, which is

endemic to the forest. This region is topographically young, for the final

Andean uplift occurred only in the Tertiary.

Region 2 : Southern Brazil, Paraguay, Uruguay, and northeastern Argen-

tina. Here occur Panphalea, Holocheilus, Trixis, Jungia, Perezia, and one

of the critical taxa, Onoseris stricta. This is a region of plains and low

mountains, with a temperate and moist climate.
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Region 3: Tropical South America. There are very few species and
genera of Xassauviinae in this region; those that do occur are sparsely

distributed. The monotypic genus, Cephalopappus, endemic to the state

of Bahia in Brazil, occurs in this region as do also a few species of Trixis

and Jungia. The climate is warm and moist.

Region 4: Central America, Mexico, and the United States (south of the

32nd parallel). Here there occur Acourtia, Trixis, a few species of Jungia.

and one of the critical taxa. Cor/mafia glomcriflora. The climate is rela-

Region 5 : West Indies. In this region occur only two species of Trixis, T.

inula and T. divaricata, and one of the critical taxa, Proustia vanillosma.

The climate where these plants are found is warm and semiarid.

Since most of the species occur in regions which are dry and/or at high

altitudes, with frequent frosts, they show many adaptations to xerophytic

conditions. Some of these adaptations are reflected in the time of flower-

ing, in habit, type of growth, and in seed germination. Some correspon-

dences between habit and habitat were pointed out by B. S. Vuilleumier

(1969: 20) for the genus Perezia, and these observations can be generalized

for the majority of species of Nassauviinae.

Morphological Analysis. A. Habit: Comparative studies of the genera

and species of Compositae indicate that the ancestral prototype probably

was a woody plant, either a large shrub or a small tree (Carlquist, 1966).

This assumption can be extended to the Nassauviinae in which occur three

kinds of habit, herbaceous, shrubby, and scandent. We can further assume

that the herbs and climbers have evolved from shrubby ancestors in two dif-

ferent lines. At the levels of both genus and species the herbaceous habit is

predominant and Perezia, Leucheria. Moscharia, TnluUion. Macrachaen-

tum, Calopappus, Panphalea. Holochcilus, Cephahpappus, Polyachyrus,

and Onoseris stricta are all perennial or annual herbs.

Most of the species of Xassauvia are perennial herbs, but some are small

shrubs. Jungia includes both shrubby and scandent species, but one, /.

stucbellii. is herbaceous. Acourtia includes perennial herbs and shrubs.

All of the species of Oxvphyllum. Marticorenia, Leunisia, Pleocarphus,

Ameghinoa, Dolichlasium, and Trixis are shrubby, as is one of the critical

taxa, Gochnatia glomeriflora. Proustia includes both shrubby and scandent

species; one of the critical taxa. P. vanillosma, is scandent. Perezia lanigera

is a cespitose shrub.

B. Pappus: In Cephalopappus and Panphalea the pappus is absent;

species of both genera occur in similar habitats, in moist places near water

courses, and if water is the agent of achene dispersal, it might be that the

pappus has become functionally superfluous. In species of Moschana and

Polyachyrus the pappus is greatly reduced. In both genera the capitula are

reduced and only 2-flowered, but an enlarged involucral bract surrounds the

achenes and apparently plays a part in dispersal. An analogous case is that

in Madia, a genus of Heliantheae, but at the level of the flower and paleae.

The pappus in genera of Nassauviinae is made up of hairs or paleae.
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Chaffy pappus occurs in Moscharia, Nassauvia, Triptilion, and Calopappus.
Hairy pappus can be of two kinds: setose, as in Perezia, Acourtia, Leucheria,

Polyachyrus, Leunisia, Pleocarphus, Jungia, Trixis, Ameghinoa, Dolichlas-

ium, Holoch< 'in-, I.opho; • ';/- I'roi^tia. Proustia vanillosma, Gochnatia
glomeriflora, Onoseris stricta, and Perezia lanigera, or plumose, as in

\assawvia, Leucheria, Polyachyrus, Jungia, Oxyphyllum, Macrachacnium.
and Marticorenia. The pappus can be disposed in a single series (Nassau-
via, Triptilion, Leucheria. Moscharia. Oxyphyllum, Polyachyrus. Jungia.

Calopappus, Marticorenia) or in more than one (Perezia, Acourtia, Leuni-

sia, Macrachaenium, Pleocarphus, Trixis, Ameghinoa, Dolichlasium. I/olo-

cheilus, Lophopappus, Proustia, Proustia vanillosma, Gochnatia glomeri-

flora, Onoseris stricta, Perezia lanigera). It can be white (Nassauvia. Trip-

tilion, Leucheria, Moscharia, Oxyphyllum. Polyachyrus, Leunisia. Macra-
chaenium./ ./ Calopappu* Marticorenia, Gochnatia

glomeriflora) or colored (Pleocarphus, Ameghinoa, Lophopappus, Proustia

vanillosma, Onoseris stricta), and there are genera such as Perezia. Acour-

tia, Jungia, Trixis, and Proustia which include both species with white and

those with colored pappus.

Cronquist (1955) has pointed out that chaffy pappus is the most primi-

tive type, but it is difficult to reconcile this assumption with the situation

in the Nassauviinae, for chaffy pappus is always associated, as in the

genus Nassauvia, with evolutionarily advanced features.

C. Inflorescences: In the Nassauviinae there is a group of genera.

Triptilion, Nassauvia, Polyachyrus, and Moscharia, which shows a trend

toward reduction of the number of flowers in the capitula and aggregation

of the capitula themselves into a capitate secondary inflorescence, as a

"pseudocephalium." The occurrence of a pseudocephalium, as compared

to a regular capitulum, is believed to be an evolutionarily advanced feature.

In the genus Nassauvia are found all stages between a solitary capitulum

and a pseudocephalium. Characters of the inflorescence show the following

variations: capitula solitary (Perezia, Acourtia, Leucheria, Leunisia,

Macrachaenium Dolich uiu Iloloch 'us Lophopappus, Cephalopappus,

Calopappus. Onoseris stricta. Perezia lanigera); spicate (Nassauvia)

;

cymose or paniculate (Perezia, Acourtia, Leucheria, Oxyphyllum, Pleo-

carphus, Jungia, Trixis, Ameghinoa, Panphalea, Holocheilus. Lophopappus,

Proustia, Marticorenia. Proustia vanillosma. Gochnatia glomeriflora); in

a glomerulum or in a pseudocephalium {Nassauvia. Triptilion. Moscharia,

Polyachyrus). Three kinds of capitula can be recognized: sessile (Nassau-

via, Triptilion, Moscharia, Polyachyrus, Calopappus) ;
subsessile (Acourtia,

Proustia, Proustia vanillosma. Got /mat ia J. <r'.ora. Perezia lanigera);

and pedicellate (Perezia, Leucheria, Oxyphyllum, Leunisia, Macrachae-

nium, Pleocarphus, Jungia, Trixis, Ameghinoa, Dolichlasium, Panphalea,

Holocheilus, Lophopappus, Cephalopappus, Marticorenia, Onoseris stricta).

D. Receptacle: Receptacular bracts are not common in the Mutisieae.

^); f, Perezia lanigera, X 35 (Ruiz Leal 26875, lp)
; g pxyphylhim :,

X 35 (Johnston <H^ cm h /«« s 't ' ' '

>6~2,cn),

i, Marticorenia foliosa, X 35 (Zollner 2994, lp).
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occurring on only 10 per cent of the genera. When receptacular bracts do

occur, they can either subtend all the flowers or be restricted to the mar-

ginal flowers. Among the genera of Nassauviinae receptacular bracts sub-

tending all the flowers occur in species of three genera, Jungia, Plcocarphus,

and Marticorenia. In other cases the paleae are restricted to the margin

of the receptacle, as in OxyphyUum and some species of Leucheria. In the

genus Polyachyrus occurs a bract which can be interpreted either as an

involucral bract or as a receptacular bract. Most authors, such as Cronquist

(1955), who have dealt with evolution in the Compositae regard the

presence of receptacular bracts as primitive.

The receptacle can be glabrous, as in Xassauvia. Moscharia, Holochei-

lus, Calopappus, Polyachyrus, Macraehaenium, Ameghinoa, Dolichlasium,

Panphalea, Holocheilus, Calopappus, and l.cuchcria. or pubescent, as in

Acourtia, Leunisia, Plcocarphus. Jungia. Trixis, Lophopappus, Proustia,

Cephalopappus. Marticorenia. Gochnatia glomeriflora, Onoscris stricta. and

Perezia lanigera. There are also genera including both species with a

glabrous receptacle and species with the receptacle pubescent {Perezia and

Triptilion). At present it is nearly impossible to describe evolutionary

trends for this character, but when it is associated with other characters, it

would seem that the pubescent receptacle is the more primitive.

E. Flowers: The Nassauviinae have always been described as having

the corollas bilabiate with the outer lip three-toothed and the inner bifid.

However, some of the taxa here considered have 5-partite corollas. Transi-

tion from one type to the other is simple; it requires only that the cleft

between two of the corolla segments be deepened. Such a transition occurs

also in other subtribes of Mutisieae, as in the genera Flotovia and Chuqui-

raga. On the other hand, complete or partial fusion of three segments

of the corolla results in a bilabiate corolla. In the genus Lophopappus are

found all stages between 5-partite and bilabiate corollas. In L. peruvianus

all the flowers have 5-partite corollas; in L. berberidi)alius most are 5-

partite, but some are bilabiate; in L. blakei all the flowers have bilabiate

corollas but the outer lip is irregularly divided; in L. cuneatus and L.

foliosus all flowers have the corolla bilabiate with the outer lip deeply

three-toothed. In the genus Proustia some individuals of P. pynwlia have

some flowers with the corolla 5-partite in a capitulum in which most of

the flowers have a bilabiate corolla. Tn Acourtia collina 5-partite corollas

occur, as they do in Gochnatia ^lonnritlora. one of the critical taxa. An-

other critical taxon. Onoscris stricta. has capitula with both types of corolla,

but in a radiate position.

"figure 2. Types of styles in Nassauviinae (continued) towJWrj.

Purea V 35 (GoodaU4Uo on i

• c. II ' ,-
^tdtr.tn

, :• •

$5 (ZoUn^r 475, ch) I I > XjHJSt]Z?\ h f>££

55 Bit I tien 598, gh).
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It is possible that the trend of evolution in this character has been from

flowers 5 -partite to flowers bilabiate, for the 5 -partite condition occurs in

genera of the subtribe Gochnatiinae which is thought to be the most primi-

tive of the subtribes of Mutisieae. On the other hand, very advanced

genera, such as Moscharia in which pseudocephalia occur, have flowers with

bilabiate corollas. Among genera of the Nassauviinae. the number of

flowers per capitulum varies from 2 to 178. As was pointed out by Stebbins

(1967), the number of flowers per capitulum is more nearly constant when
there are only few flowers; in many-flowered inflorescences the range of

variation is greater. This generalization seems to be valid for the Naussau-

viinae. On the basis of this assumption the total range of variation, i.e..

from 2 to 178, has been divided into three sets: 2-5, 6-14, and 15-178.

There occur 2 to 5 flowers per capitulum in Nassauvia. Triptilion, Mosch-

aria, Polyachyrus, and Calopappus; 6 to 14 in Acourtia, Oxyphyllum, Trixis,

Panphalea, Lophopappus, Proustia, Gochnatia glomerijlora, and Perezia

lanigera (in some individuals in species of these genera there very rarely

occur more than 14 flowers); 15 to 178 in Perezia, Leucheria, Leunisia,

Jungia, Macrachaeniwn, Pleocarphus, Ameghinoa, Dolichlasium, Holochei-

lus, Cephalopappus, Marticorenia, and Onoseris stricta. To determine the

trend of evolution for this character is difficult; the character may be used

for taxonomic purposes, but not to determine the evolutionary pathway.

In the Nassauviinae the corolla can be glabrous (Perezia, Nassauvia,

Triptilion, Leucheria . Oxyphyllum. Polyachyrus, Leunisia, Macrachaeniwn,

Dolichlasium, Lophopappus, Proustia, Calopappus, Onoseris stricta) or

pubescent (Acourtia, Moscharia, Pleocarphus, Jungia, Trixis, Ameghinoa,

Panphalea, Holocheilus, Cephalo pat?pus. Marticorenia, Proustia vanillosma,

Gochnatia glomerijlora, Perezia lanigera).

The color of the flowers can be blue (Perezia. Nassauvia, Triptilion,

Leucheria), yellow (Leunisia, Pleocarphus, Trixis. Ameghinoa, Dolichlas-

ium, Calopappus, Proustia vanillosma. and a few species of Perezia and

Jungia), orange (Cephalopappus and Onoseris stricta), red (Perezia.

Polyachyrus, Proustia), white (Perezia, Nassauvia, Triptilion, Leucheria,

Moscharia, Polyachyrus, Jungia, Panphalea, Holocheilus, Lophopappus,

Proustia, Perezia lanigera), or violaceous (Perezia, Acourtia, Nassauvia,

Leucheria, Oxyphyllum. Macrachaenium. Jungia. Marticorenia). Cron-

quist ( 1955) has pointed out that yellow is the primitive stage of this char-

acter in the Compositae.

In Leunisia, Dolichlasium, and Proustia there occur anthers with hairs.

F. Achenes: The achenes show a wide range of morphological variation.

In genera such as Leunisia, Macrachaenium, Pleocarphus, Jungia, Trixis,

Dolichlasium, and Cephalopappus, the achenes are 5 times longer than wide.

Other genera have a rostrum, well developed in Dolichlasium, less so in

Leunisia, Macrachaenium. Pleocarphus, Jungia, Trixis, and Cephalo-

pappus. The achenes can be glabrous (Macrachaenium, Cephalopappus,

Calopappus) or pubescent (Perezia, Acourtia, Moscharia, Oxyphyllum,

Leunisia, Pleocarphus, Jungia, Trixis, Ameghinoa, Dolichlasium, Pan-

phalea, Holocheilus, Lophopappus, Proustia, Cephalopappus, Marticorenia,
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Figure 3. Types of styles
Acourua type a

Perezia nutans/ < «0 : b. Acourtia glomenfiora, X 35

(Pringle 9946, GH); c, Leunisia leata, X 35 (Morrison 17024, gh).

Proustia vanillosma, Gochnatia glomeriflora, Onoseris stricta, Perezia lani-

gera) and there are also genera including both species with glabrous achenes

and species with pubescent achenes (Nassauvia, Triptilion, Leuchena,

Polyachyrus).

G. Type of pubescence: The commonest type of pubescence, made up

of woolly trichomes, occurs in Acourtia, Leucheria, Oxyphyllum, Poly-

achyrus, Macrachaenium, Pleocarphus, Jungia, Trixis, Lophopappus, Prous-

Cephalopappus, Proustia anilloswa. Onoseris tricta, Gochnatia
j

meriftora, and Perezia lanigera. There do occur other kinds of trichomes,

such as glandular uniseriate, nonglandular uniseriate, and double trichomes

("Zwillingshaare"), but until trichome types have been more thoroughly

studied, they cannot be used for taxonomic purposes. Stebbins's ( 1967

observation that "The strong developm of multicellular glandular

chomes is a widespread feature of xeric and semixeric species of Composx-

tae" is valid for the Nassauviinae. ,

H. Leaves: All the genera of the subtribe have alternate leaves: lea

morphologv is very useful for the separation of species, but much less so tor

the delimitation of genera. It is, however, possible to point out some fea-

tures. Jungia has orbicular cordate leaves (except / stuebeln). In both

Trixis znd Pleocarphus the blades are several times (at least five) longe

than wide. In Marticorenia all leaves are sessile. In some genera all the

species have entire leaves {Acourtia, Nassauvia, L
^)\^ZTZtli

Jungia, Trixis, Lophopappus, Proustia, Cephalopappus, Calopappus, Martt-
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Figure 4. Types of >?vk- in Nassauviinae (continued). Scanning electron

micrographs (SEMG). Truncate type: 1 and 2, Jungia fermginosa, X 65 and

)< 130 (Skutch 3622, ghi; v Lab>p,ippii< auvuius, X ^ (Wedcrman 638,

GH)
; 4. Leucheria purpurea. X 63 (Goodall 4146, gh).

corenia, Proust ia vantllosma. Gochiiati.i iomcriflora, Onoseris stricta,

Perezia lanigera); in other genera all the species have partite leaves

(Triptilion, Moscharia, Oxyphyllum, Polyachyrus, Macrachaenium, Ame-
ghinoa, Dolichlasium) and there are genera including species with entire

leaves and species with partite leaves {Perezia, Leucheria, Panphalea, Holo-

cheilus).

In Nassauvia. Triptilion Ch vphyllum, Calopappus, and Perezia lanigera
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all species have leaves with a spiny margin; this character occurs also in

Perezia, Acourtia, Lophopappus, and Proustia, but not in all species.

I. Style: The Nassauviinae have always been described as having the

styles bifid, the branches flattened and truncate, glabrous on the outer sur-

face, crowned with elongate collecting hairs at the apices and papillose with

shorter ones on the adaxial surfaces. However, a careful study of styles in

the taxa dealt with here shows that there occur four basic types. In every

genus except Perezia the stylar type is uniform among all the species.

The first type has truncate stylar branches (Perezia, Nassauvia, Tripti-

Figure 5. Types of styles in Nassauviinae (continued) Scanning etectum

micrographs (SEMG). Aco, ' rehaOata^X l^stigma

(Bourgeau 3096, gh) ; 2, Acourtia vanillosma, X 13° ( utl

type: 3, Proustia pyrifolia, X 130 (Morrison 17163, gh).

i 391, gh). Proustia
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lion, Lcuchcria. Moscharia, Oxyphyllum. Polyaehyrus. Pleocarphus. Jungia,

Trixis. Ameghinoa. Dolichlasium. Holocheilus. Calopappus. Martieorenia.

and Perezia lanigera). The second (Proustia) type has the branches less

than 1 mm. long, rounded at the apex, bearing long papillae on the distal

half of the outer surface, but completely papillose on the inner surface

(Maeraehaenium. Lophopappus. Proustia. Cephalopappus). The third

(Acourtia) type has the branches more than 1 mm. long with the apices

rounded and slightly expanded. The outer surfaces bear long papillae on

the distal fifth; the inner surfaces are completely papillose. This type

occurs in Acourtia. Leunisia. Proustia vanillosma. Gochnatia glomeriflora,

and in two species of Perezia. P. nutans and /'. prenanthoides. The fourth

type occurs only in Onoseris stricta. The stylar branches are spathulate.

The inner surfaces are completely covered with short papillae, and the dis-

tal third of the outer surfaces bears very long papillae. Figures 1 to 5

show the different types of styles found in Nassauviinae.

J. Pollen: Pollen characteristics have been very useful in delimiting

genera of the Nassauviinae, but much less so for separating species. Wode-

house (1929), Stix (1960), Skvarla and Turner (1966), Crisci (1971a

and b), and Parra and Marticorena (1972) have contributed to our

knowledge of pollens in the Nassauviinae. In this study the following char-

acters have been used: grain shape, exine morphology, presence or absence

of polar elevations, presence or absence of sexine processes.

On the basis of shape, pollen grains of the Nassauviinae can be divided

into four types (the fractions refer to the relation between polar axis and

equatorial axis): oblate-spheroidal (7/7-8/8) (Perezia, Nassauvia, Trip-

tilion. Lcuchcria, Cephalopappus, Calopappus, Perezia lanigera); prolate-

spheroidal (8/8-8/7) (Perezia, Acourtia, Nassauvia, Triptilion, Leuceria,

Moscharia. Oxyphyllum. Polyaehyrus. Jungia. Patiphalca. Holocheilus.

Lophopappus, Proustia, Cephalopappus, Calopappus, Marticorenia, Prous-

tia vanillosma. Gochnatia glomeriflora. Perezia lanigera); subprolate (8/7-

8/6) (Perezia, Acourtia, Leucheria, Oxyphyllum, Polyaehyrus, Maera-

ehaenium, Pleocarphus, Jungia, Holocheilus, Lophopappus, Proustia, Marti-

corenia. Proustia vanillosma. Gochnatia glomeriflora): prolate (8/6-8/4)

(Lcuchcria. Oxyphyllum. Leunisia. M aeraehaenium. Pleocarphus. Trixis.

Amcghinoa. Dolichlasium. Proustia. Onoseris stricta).

As is shown, some taxa include more than one type. Sexine processes are

structures found on the membrane of the colpus in the pollen of some taxa

(Perezia, Acourtia, Nassauvia, Triptilion, Leunisia, Jungia, Trixis, Ame-

ghinoa, Dolichlasium, Panphalea, Holocheilus, Lophopappus, Proustia,

Cephalopappus. Calopappus, Proustia vanillosma, Gochnatia glomeriflora.

Onoseris stricta, Perezia lanigera). They are more or less spherical and

seem to be connected to the membrane by short thin pedicels.

In some genera (Perezia, Leucheria, Holoeln Uus, and Proustia) the pol-

len grains have polar elevations; these are extremely well developed in

Oxyphyllum, Leunisia, Trixis, Ameghinoa, Dolichlasium, and in Onoseris
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Morphology of the exine is a very useful character in the systematics of

the genera of Compositae. Stix has pointed out that in Compositae there

occur 42 types of exine stratification. Five types of exine are found in the

Xassauviinae: two were pointed out by Stix, two by Parra and Marticorena,

and the last (Cephalopappus) type is from unpublished data kindly pro-

vided by C. Marticorena.

Oxyphyllum type: The tectum and infratectum are of the same thick-

ness and are separated from each other by a thin layer not parallel to the

nexine (zigzag). It occurs in two subtypes: (a) the tectum with short

ramifications (bacules) near the terminal membrane (Perezia, Moscharia,

Oxyphyllum, Panphalca) and (b) the tectum lacking ramification (Nassau-

zia. Triptilion. Lcuchrria. Polyachyrus).

Trixis type: The tectum and infratectum are of different thicknesses

and are separated from each other by a thick layer parallel to the nexine.

This type is found in Acourtia, Leunisia, Macrachaemum, Pleocarpkus,

Jungia, Trixis. Inn hinoa Do h • u» 11 otochcilu \J articorcnia. Prous-

tia vanillosnui. Gnchiidtid - owcrithira. Onosrrh stricta. and Perezia lani-

gera. Stix recognized in this group two types, the Trixis type and the

Ameghinoa type, on the basis of the presence of vestiges of spines, but this

is a feature seen in all genera of the group.

Proustia type: The tectum and infratectum are of equal thickness and

are separated from each other by a thick layer almost parallel to the nexine.

This type occurs in Proustia and in Lophopappus. There is here a tendency

toward the Trixis type.

Calopappus tvpe: ( = Nassauvia rcmyana type of Parra & Marticorena.

1972). The infratectum is thicker than the tectum. The tectum and infra-

sssmn!!
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tectum are separated from each other by a thick layer not parallel to the

nexine (zigzag). This type occurs in Calopappus.

Cephalopappus type: The tectum has short ramifications and is thicker

than the infratectum. The tectum and infratectum are separated by a

thick layer parallel to the nexine. This type occurs in Cephalopappus.

In Figure 6 are shown in a simplified form the types of exine stratifi-

cation in Nassauviinae.

Wodehouse (1929) pointed out that the Nassauviinae may represent

the culmination of three more or less distinct developmental trends in pol-

len morphology; i.e., toward reduction of spines, toward lengthening of the

furrows, and toward elliptical grains. On the basis of pollen morphology

Wodehouse concluded that the various genera of the Nassauviinae seem

to be closely related, and to represent the end of a phylogenetic line within

the tribe Mutisieae. Wodehouse's conclusion seems to be correct, but

some characters, such as elliptical grains, are found associated with other

features thought to be primitive. At present characters of the pollen

seem to be very useful in the systematics of the group, but are not so help-

ful in determining phylogenetic relationships within the group.

K. Involucre: The involucre offers numerous characters useful in the

systematics of the subtribe.

Four involucre shapes occur: (1) campanulate (Acourtia, Leucheria,

Leunisia, Macrachaenium, Dolkhlasium, Lophopappus, Jungia, Trixis,

Perezia lanigera); (2) hemispherical (Perezia, Leucheria, Pleocarphus,

Ameghinoa, Panphalea, Holocheilus, Cephalopappus, Martkorenia, Ono-

seris stricta)
; (3) cylindrical {Perezia, Acourtia, Nassauvia, Triptilion, Ox-

yphyllum, Polyachyrus, Jungia, Trixis. Lophopappus, Proustia, Calopappus,

Proustia vanillosma, Gochnatia glomeriflora) ; (4) turbinate (Perezia,

Acourtia, Leucheria, Jungia). There can be one or two rows of involucral

bracts (as in Nassauvia, Triptilion, Moscharia, Polyachyrus, Leunisia, Pleo-

carphus, Jungia, Trixis, Ameghinoa, Macrachaenium. Dolkhlasium, Pan-

phalea, Holocheilus, and Marticorenia) or three or more (as in the genera

Acourtia, Oxyphyllum, Lophopappus, Proustia, Cephaloppus, Calopappus,

Proustia vanillosma, Gochnatia ^lomeridora. Perezia lanigera, and Onosens

stricta). In both Perezia and Leucheria there are species with one or two

rows of involucral bracts and others with the bracts in three or more rows.

In Moscharia and Polyachyrus the number of bracts is reduced and dimor-

phic, five in Polyachyrus and two in Moscharia. In species of Leunisia and

Dolkhlasium, the involucral bracts are foliaceous, a phenomenon seen also

in some species of Perezia and Trixis. In Panphalea and a few species of

Perezia the bracts are conspicuously winged. In Panphalea and Cephalopap-

pus the bracts are small, being less than 3 mm. long. In Oxyphyllum, Pere-

zia lanigera, some other species of Perezia, and some species of Triptilion

the involucral bracts are mucronate. As far as the involucres of the Nas-

a monomorphic involucre

Cytology. The cytology of the Mutisieae has so far been little studied.
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' numbers are known for 10 per cent of the specie

The following numbers have been found: n -- 4. 8. 9. 10. 1

16. 17. 18. 20. 22. 23. 24. 25. 27. and 28. The number, most c<

level of genus are n - 2 7 and then n = 18. Within the sub

viinae there are known chromosome counts for 37 of some

the numerical analysis. However, there is appended a list of

found in species of genera such i

not very closely related. The sai

where the haploid number is n

DISCUSSION

ierical analysis permit me to make the following

irting with' the four critical taxa (a complete list

i is given in the appendices).

Gray. This is a species of small shrubs occurring

near Guadalajara in Mexico. The flowers have

this reason the species was ascribed to Gochnatia

I
i )V c ira y. Sereno Watson described the same

placed in section Acourtia of Pcrczia. Blake, in

c j r
- as a synonym of Gray's Gochnatia <>lomcri-

to include this species. Cabrera (1971a) in his

excluded this species from that genus and sug-

but if all char

; to Acourt ia.

already one :

Lophopcippus, of the 1Nassauviinae, acc<)idingly piacea vei
-

Acourt hi!. I conclude thai : this species must
s^sof^c'indent Xi ib.. endemic

IOU>

lands of Cuba. Slanto Domingo, ar^0e^Ri~
e

Th€
aion'of this

species i

Nassauviinae oc

jbtful because of i
^yell^flowers, type of style.

ratification, and its geographical c

'^'"south

1

\merica. Hoffmann

(1893: ,343) pointed out ; that P. vanillosnia differs from the other species
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Figure 7. PRIM network of 26 OTU's based on Table 3 (Method 1).
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of Proustia in having a different type of style. The results of the numerical

study show that this taxon is close to Acourtia glomeriflora ( = Gochnatia

glomeriflora) and to the genus Acourtia in general. There is a gap between

Acourtia and P. vanillosma in habit and in flower color, but the position of

this species in Acourtia seems to be a natural one, representing a branch of

this genus in the West Indies.

Perezia lanigera Hooker & Arnott. This is a species of prostrate shrubs

occurring on the Patagonian steppe. B. S. Vuilleumier (1969) excluded

this taxon from the genus Perezia because it has densely woolly trichomes

in the axils of the leaves, only two rows of involucral bracts, and achenes

with a type of pubescence found in no other species of Perezia. Cabrera

(1972) replaced this species in Perezia; however, on the basis of the

numerical study it is clear that it does not belong in that genus but seems

to be related to Lophopappus, although the "distance" between the two

taxa is fairly great. This taxon might be best treated as a new monotypic

genus.

Onoseris stricta Sprengel. This is a species of perennial herbs abundant

in sandy or rocky soils of Rio Grande do Sul (Brazil), Uruguay, and in

northeastern Argentina. This species has "fluctuated" among genera and

even subtribes, having been placed in Trixis, Trichocline, and Perezia. The

numerical results point out that this taxon is far distant from any other in

the Nassauviinae, and it might be that 0. stricta is best placed in a subtribe

other than this one. Its exact placement must await further work on the

other subtribes of the Mutisieae.

From the time of Bentham and Hooker (1873) until the present, Acour-

tia has been treated as a synonym of Perezia. The results show that the

"distance" between them is great. The gap is large enough to indicate

that Acourtia should be treated as a distinct genus, thus confirming my

preliminary decision to treat Acourtia as a separate OTU.

Ameghinoa and Dolichlasium have been treated by several authors as

congeneric with Trixis. However the results show that the distances be-

tween them are rather large.

Plcocarphus has been treated as congeneric with Jungia from the time

of Bentham and Hooker (1873) until now. The results show that the

inclusion of Plcocarphus in Jungia is unnatural, for it produces a gap in

the internal consistency of Jungia.

Calopappus was placed by De Candolle into another subtribe, Mutisiinae,

of the tribe Mutisieae. Weddell (1855) thought it to be synonymous with

Xassauvia. My results confirm that it is indeed a distinct genus, and it

must be placed in Nassauviinae.

Holocheilus has been treated as congeneric with Trixis since Bentham

and Hooker so placed it, but Cabrera (1968) considered Holocheilus to be

a distinct genus and our results agree with his conclusion.

Cephalopappus, a monotypic genus, occurring only m the state of Bania

in Brazil, has been collected very few times and the only material available

for this study has been the type material. The results indicate that it is tar
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t Nassauviinae, but its inclusion in I

Generic Affinities and Evolutionary History

In our results we have obtained a measure of phenetic resemblances.
The use of these measures as an indicator of relationship or affinities can
be criticized from the viewpoint of the existence of convergence or of paral-

lelism. However, in this group we could detect neither convergence nor
parallelism. For this reason we concluded that in the Nassauviinae phene-
tic resemblances are probably consistent with phylogenetic affinities.

On the basis of these results, the genera of the Nassauviinae can be di-

vided into four groups and five "isolated" genera.

The first group includes Acourtia. Proustia. and Lophopappus. This
seems to be a primitive -roup showing affinities with other subtribes of the

Mutisieae, for in this group the styles have rounded tips and in some cases

5-partite corollas: these are characters of the Mutisiinae (sensu Cabrera,
1961). Proustia and Lophopappus are very closely related and occur in

much the same ana: Acourtia seems to represent another line of evolution
in Central America and in North America.
The second group includes Marticorenia. Pleocarphus. Jungia. Trixis.

Leunisia, Dolichlasium. and Aw.c-hinoa. In this group there are several

monotypic genera. Marticorenia and Pleocarphus seem to be closely re-

lated and the closest to these two mini a is Trixis Dolichlasium and
Leunisia show one of the closest relationships between any genera of the

Nassauviinae. Jungia seems to occupy a position equidistant from the

other genera. This group has some characters which suggest that it is a
primitive one. among them the occurrence of paleae in all flowers in Jungia,
Pleocarphus. and Marticorenia. the shrubby habit, the many-flowered
capitula, and the general occurrence of yellow flowers.

The third group includes only Ilolocheilus and Panphalea, and seems to

have evolved from genera of the third group. This group shows some ad-
vanced characters such as the herbaceous habit, the flowers lacking pappus
in Panphalea. and the occurrence of non-vellow flowers.

The fourth group includes Polyachyrus. Moscharia. Triptilion. Xassau-
via. and Calopappus. It seems an advanced group, for there is a trend

toward reduction of the number of flowers in each capitulum. and toward
the aggregation of the capitula themselves in a capitate secondary inflor-

escence, a pseudocephalium. The occurrence of pseudocephalia. as compared
to ordinary capitula. is thought to be an evolutionarily advanced feature.

In this group are found all stages intermediate between capitula and
pseudocephalia In the genus Moscharia then occui pseudocephalia with
a great reduction and a close aggregation of the capitula, which may be
the evolutionary culmination of the trend in the Nassauviinae (Crisci,

1974b).

^assauvia and Triptilion are closely related genera, and the "taxonomic
distance" between them is one of the shortest between any two genera of
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the Nassauviinae. Polyachyrus and Moscharia show a clear line of evolu-

tion from Polyachyrus to Moscharia.
_

Throughout this study the remaining five genera have seemed isolated

one from the other. Three of these. Macrackaemum, Cephahpappus, and

m, occur in areas where \

Oxyphyllum shows s



capitula and a sliuht u-ndt-my inward a-mcL'ation of the capitula them-

selves, this representing an early stage in evolution of the pseudocephalium.

The genus occurs in the Atacama desert of northern Chile. Its pollen re-

sembles that of the Moscharia group, and it seems that this genus repre-

sents an advanced stage of development in the subtribe, the product of

colonization by the Nassauviinae of a very special environment.
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Macrachacnium occurs in the Xothojagus forest of South America. This
genus shows some affinities with other subtribes of Mutisieae. for the stylar

branches are rounded; it resembles Chaptalia, a genus of Mutisiinae. This
genus might represent an evolutionary line diverging early from the other

Xassauviinae and having a common ancestry with other subtribes of the

Mutisieae.

Cephalopappus occurs in an area (the state of Bahia in Brazil) where
there are no other genera of Xassauviinae. It displays a combination of

specialized characters such as the herbaceous habit and the pappose
flowers, and others less specialized such as terminal capitula. On the other

hand, the stylar branches are rounded, a feature which seems to be more
common in other subtribes of the Mutisieae. The position of this genus is

difficult to determine, but it might be considered to represent an evolution-

ary line coming from an early stage in the evolution of the subtribe.

Finally, Perezia and Lcuchcria have been found to be isolated one from
the other. This may be a result of the great spectrum of types presented

by the two genera, a spectrum covering specialized and less specialized

characters. These genera might have originated as two lines of develop-

ment early in the evolution of the Xassauviinae.

The subtribe Xassauviinae seems to represent a natural group including

several lines of evolution. Most of the genera occur in the Andean area of

South America. As was pointed out by B. S. Vuilleumier (1971), the last

rise of the Andes occurred in the Tertiary, and the climatic events of the

Pleistocene must thus have played a decisive role in the constitution of the

flora and fauna of the Andes. It is concluded that the Xassauviinae are

as a group young, the product of a relatively recent evolutionary "explo-

it seems that the Xassauviinae represent an advanced subgroup of

Mutisieae. Small (1919) proposed that the Xassauviinae are the basic

evolutionary group in the tribe, but our results do not agree with this idea,

for it seems that the group is very young and shows advanced characters,

such as the occurrence in several genera of pseudocephalia. It is possible

that the Xassauviinae have originated from a taxon similar to those in the

subtribe Gochnatiinae, whence, in several lines, all of the tribe Mutisieae

Paleae in all of the flowers of the head.

2. Lower leaves with sparse tomentose pubescence,

3. Flowers yellow, pappus in more than one series

:

3. Flowers white or pink to violet (rarely yellow), pappus in one s<

leaves orbicular, cordate or broadly lanceolate, margin lobulate.

2. Lower leaves sessile, lacking
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Paleae present only in the flowers of the margin of the heads or completely

4. Flowers without pappus.

5. Style-branch tips rounded; capitulum solitary, receptacle pubescent.

5. Style-branch tips truncate; capitula disposed in cymes or panicles;

receptacle glabrous. ... Panphalea.
4. Flowers with pappus.

6. Shrubs with leaves reduced to 3-parted spines; paleae in the mar-
ginal flowers Oxyphyllum

6. Shrubs with non-spinose leaves and capitula lacking marginal paleae,

Dmerula or pseudocephalia.

8. Capitulum with 2 (rarely 3) flowers.

9. Pseudocephalium of 7 to 9 capitula Moscharia.
9. Pseudocephalium of more than 9 capitula. . . Polyachyrus.

8. Capitulum of 3 to 6 flowers.

10. Pappus formed of 4 to 5 paleae plicate along the median
line expanded and laciniate in the upper part

Triptilion.

10. Pappus formed of 3 to 6 paleae, narrow and not laciniate,

or of setose or plumose hairs

Capitula solitary or in cymes or panicles.

11. Pappus palaeaceous.

12. Flowers white or violaceous

12. Flowers yellow

11. Pappus setose or plumose.

13. Shrubs cespitose, with white flowers; Pal

bracts
;
plants of the West Indies

Acourtia (A. vanillosma)

.

15. Shrubs; involucre with 2 rows of bracts; plants

of North and South America and the West

16. Style-branch tips rounded Leunisia.

16. Style-branch tips truncate.

17. Receptacle pubescent Trixis.

17. Receptacle glabrous.

18. Achenes truncate at the apex.

18. Achenes with a glandular rostrum

at the apex Dolichlasium.
14. Shrubs or vines without yellow flowers, or herbs

rarely with yellow flowers.

19. Plants with a woolly pubescence.

20. Capitulum of more than 15 flowers.

21. Flowers orange Onoseris stricta.

21. Flowers white, blue, or violet.
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mm. long.

23. Receptacle and flowers pubes-

cent; North and Central

23. Receptacle and flowers gla-

brous; South America.

20. Capitulum of fewer than IS flowers.

24. Branches of the styles more than 1

mm. long; North America

ACOURTIA.

24. Branches of the styles less than 1 mm.
long; South America.

25. Capitula solitary or few in num-

ber at the apex of the branches. . .

Lophopappus.

25. Capitula in panicles or racemes of

spikes Proustia.

19. Plants without a woolly pubescence.

26. Involucre with 1 or 2 rows of bracts.

27. Pappus in one series. Leucheria.

27. Pappus in more than one series.

Holocheilus.

26. Involucre with more than 2 rows of bracts.

SYNOPSIS OF THE GENERA OF NASSAUVIINAE

ae Lessing, Linnaea 5: 2. 1830. Type genus: Nassauvia Comm.

Pleocarphus D. Don in Trans. Linn. Soc. I. 16: 228. 1830. Type species: P.

revolutus D. Don.

One shrubby species occurring in rocky soils from sea level to 900 m.s.m. in

the provinces of Aconcagua, Coquimbo, and Atacama in Chile.

Jungia Linnaeus f Suppl. PL 58. 1781. Type species: J. ferruginosa Linn. f.

About thirty species of shrubs or vines, rarely herbaceous occurring in the

Andean zone from northern Argentina to Mexico; also in the lowlands of Brazil.

Marticorenia Crisci, Jour. Arnold Arb. 55(1): 38-45. 1974. Type species:

M.foliosa (Flu. Crisci Leuc/ien ;
Vh >ppi

One species occurring in the Andean region of central Chile, between 32 S

and 35°S and 70°W and 71 °W, above timberline from 2/00 to 3300 m.s.m.

Cephalopappus Nees & Martius, Nov. Acta Nat. Cur. 12: 5. t. 1. 1824. Type

species: C. sonchijolius Nees & Martius.
.

One herbaceous species occurring near the river Caxeiras (Ilheos) in the s a e

of Bahia in Brazil ; rarely collected.
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, Lagasca. Amen. Nat. 1: 34. 1811. Type species: P. commersonii

3S occurring in southern Brazil, eastern Paraguay,

Argentina.

Moscharia Ruiz & Pavon, Fl. Peru. Chil. Prodr. 103. 1794. Type species: M.
pinnatifida Ruiz & Pavon.

Two species of herbs occurring from Coquimbo to Maule in central Chile from
sea level to ca. 2000 m.s.m.

Polyachyrus Lagasca, Amen. Nat. 1: 37. 1811. Type species: P. poeppigii

Kunze ex Less.

About eight species, all herbaceous, occurring in central and northern Chile

and in southern Peru.

Triptiliox Ruiz & Pavon, Fl. Peru. Chil. Prodr. 102. t. 22. 1794. Type species:

T. spinosum Ruiz & Pavon.

About twelve species of herbs, one occurring in Patagonia, the rest in central

Chile.

Nassauvia Comm. ex Juss. Gen. PI. 175. 1789. Type species: N. magellanica

Gmel.

About 40 species of herbs or small shrubs occurring in the Andean zone from
Malvinas Island to southern Bolivia, and in Patagonia.

Oxyphyllum Philippi, Fl. Atacamensis 28. t 4. 1860. Type species: O. ulicinm

Philippi.

One species of spinose shrubs in the Atacama desert of Chile.

Acourtia D. Don, Trans. Linn. Soc. I. 16: 203. 1830. Type species: A. formoi
D. Don.

About 40 species of herbs or small shrubs occurring from the coastal region (

southern California to El Salvador and eastward to central Texas and the We:
Indies. They are, for the most part, restricted to the forested middle and highf

slopes of the Sierra Madre in Mexico and to the high plateaus east of the moui
tains in central and northern Mexico.

Trixis P. Browne, Civ. Nat. Hist. Jamaica 312. 1756. Type species: T. inula

About 50 species of shrubs occurring from Mexico to central Argentina and in

the West Indies. There are two centers of diversity, one in southwestern Mexico,
the other in southern Brazil, northern Argentina, and Uruguay.

Ameghinoa Spegazzini, Rev. Fac. Agron. Vet. La Plata 3: 539. 1897. Type
species: A. patagonica Spegazzini.

One shrubby species endemic to the Patagonian steppe.
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Dolichlasium Lagasca, Amen. Nat. 1: 33>. 1811. Type species: D. lagat

Lophopappus Rusby emend. Cabrera, Bol. Soc. Arg. Bot. 5(1-2): 45. 1953.

Type species: L. foliosus Rusby.

Five or six species of shrubs in the Andean region from Peru to northern Chile.

Proustia Lagasca, Amen. Nat. 1: 3S. 1811. Type species: P. pyrifolia DC.
Three species of shrubs and vines in the Andean regions of Chile, Argentina,

and Bolivia.

Macrachaenium Hooker f., Fl. Antarct. 2: 321. 1847. Type species: M.
gracile Hook. f.

One herbaceous species endemic to the Nothojagus forest in southern South

Perezia Lagasca, Amen. Nat. 1: 311. 1811. Type species: Perezia tnagellanica

(Linn, f.) Lagasca / \m Linn. f.

Thirty species of herbs, 27 occurring in the Andean region of South America

and three in lowland open woods of Paraguay, Uruguay, Brazil, and Argentina.

Leucheria Lagasca, Amen. Nat. 1: 32. 1811. Type species: L. hieracioides

Forty-six species of herbs occurring in the Andean region from Malvinas Island

to southern Peru, and in Patagonia.

Holocheilus Cassini, Bull. Sri. Soc. Philomat. 1818: 73. 1818. Type species:

H. brasiliensis (Linn.) Cabrera = H. ochroleucus Cassini.

Six species of herbs occurring in southern Brazil, Paraguay, Uruguay, and in

northern Argentina.

NOMENCLATURAL NOTES

vanillosma (Wright) Crisci, comb.

19: 268. 1890.

j Urban, Symb. Antill. 1(3):

Proustia stenophylla Urban & Ekman, Ark. Bot. 20A(5): 65. 1926.

\courtia glomeriflora (Gray) Reveal & King, Phytologia 27: 229. 1973.

Acourtia collina (Watson) Crisci. comb. nov.

Perezia collina Watson, Proc. Am. Acad. 26: 144. 1891.

Perezia lanigera Hooker & Arnott, Hook. Comp. Bot. Mag. 2: 42. 1836.

Perezia sessiliflora Spegazzini, Rev. Fac. Agron. Vet. 3: 542. 1897.

Onoseris stricta Sprengel, Linn. Syst. Veg. ed. 16. 3: 503. 1826.

Trixis stricta (Sprengel) Lessing, Linnaea 5: 25. 1830.
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Trichocline heterophylla sensu Grisebach, Symb. Fl. Argent. 215.

(Sprengel) Lessing.

mpeana Spegazzini, Flora de Tandil 33. 1901.
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ROBERTSON, GENERA OF ROSACEAE

THE GENERA OF ROSACEAE IN THE SOUTHEASTERN
UNITED STATES *

Tribe Roseae

17. Rosa Linnaeus, Sp. PI. 1: 491. 1753; Gen. PI. ed. 5. 217. 1754.

Mostly deciduous shrubs with upright, arching, trailing, or climbing

stems; armature of stem, petiole, rachis, inflorescence branches, and floral

cup of variously sized and shaped prickles and/or bristles (acicles), rarely

absent; indumentum of simple hairs and/or sessile to stalked glands,

variable in density and distribution. Leaves petiolate, imparipinnate or

trifoliolate [very rarely simple] ; leaflets toothed, the lateral ones nearly

sessile, the terminal one long-petiolulate; stipules paired, conspicuous

[rarely absent], entire to pinnatifid, sometimes fringed with glands, com-

monly adnate to the base of the petiole and forming wings, usually per-

sistent. Inflorescences of few- to many-flowered, bracteate, determinate

"corymbs" or "panicles" terminating primary or lateral stems, or the

flowers solitary; flowers produced mostly on short shoots from the growth

of last year. Flowers perfect, 5 (rarely 4) -merous, large, showy, often

fragrant. Calyx without an epicalyx, the lobes quincuncial in aestivation,

persistent or not, all entire or the outer two and half of the middle lobe

fringed, toothed, or pinnatifid or with lateral appendages,9 the apices acute

to long attenuate or dilated ; floral cups urceolate to globose, campanulate,

or nearly tubular, the opening usually constricted; disc commonly promi-

nent, forming a ring around the opening of the floral cup. Petals 5 (to

numerous in double-flowered forms), white, yellow, or various shades of

pink [orange or nearly red], narrowly to broadly obovate, the apices usu-

ally emarginate, tapering at the base, inserted at the outer edge of the

disc. Androecium of many stamens in several whorls, the outer ones

longer than the inner; filaments slender, persistent; anthers small, yellow.

Gynoecium of numerous sessile or stipitate carpels included within and

inserted at the base of, or on the inner walls of, the floral cup; styles

terminal, shortly or long exserted beyond the mouth of the floral cup, free

Two had beards and two
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below and free or connate into a column above; stigmas terminal, discoid,

often tightly grouped together into a button-shaped structure blocking the

opening of the floral cup; each carpel with one anatropous pendulous

ovule. Fruit accessory (a hip), of numerous achenes enclosed by the en-

larged, fleshy, usually red floral cup; achene wall hard; seed coat thin;

embryo filling the seed and achene, the radicle superior. Base chromosome

number 7. Lectotype species: R. centijolia L.; see Britton & Brown,

Illus. El. No. U. S. Canada, ed. 2. 2: 282. 1913. 10 (The ancient Latin

name.) — Rose.

About 120 or more species (several thousand described) in four sub-

genera of the Northern Hemisphere, extending from the arctic and boreal

regions southward in North America to central Florida, Texas, Mexico, and

Baja California, and in Eurasia to the Philippine Islands, Burma, south-

ern India, and Persia, as well as in Ethiopia, and Mediterranean Africa.

The largest concentration of species is in the region between western Asia

and China. Members of the genus usually inhabit borderland or open

habitats, such as fence rows, roadsides, scrublands, pastures, and the edges

of woods. Because of the variability within species and the weak bar-

riers to interspecific hybridization, the taxonomy of the genus is confusing,

and many morphological variants have been described as distinct species.

Several subgeneric classification schemes have been proposed (see Herring,

1925) ; the one outlined by Crepin (1889) and adopted by Rehder is ac-

cepted today as best reflecting natural relationships within the genus.

Most species of the genus are in cultivation, and in many ways the genus

is remarkably well known. The chromosome numbers for most species

have been reported, and some hybridization, breeding, and genetic studies

have been made. However, nearly all the taxonomic investigations were

done much earlier, were based primarily on cultivated plants, and had a

strong horticultural emphasis. A modern review needs to be made with

particular attention given to the species as they occur in nature; the

Chinese species are particularly in need of study.

Only about 12 species, representing three sections of subg. Rosa are

native to eastern North America, although more than a hundred have been

described from this region; four species are indigenous to our area. Species

belonging to all four subgenera and to all ten sections of subg. Rosa are

cultivated in the southeastern United States, and some of these persist, be-

come naturalized, or hybridize with native plants.

type species R , I _ \ \m I 1 22 - 1 18) and/? camna

L. (Rehder, Bibliogr. Cult. Trees Shrubs, 296. 1949). Objections can be raised against

the selection of any of these specie-: A', ttntiiolia is not a wild species but a complex

hybrid imohing four species, R. rubra, R. Phoenicia, R. moschata, and R. canina

(see Hurst, 1941); R. rinnamomea clearly does not a-ree with the protologue with
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, branch with flower buds,

doles, X 1/2; b. flower. X 1: c. abaxial side of out

I appendages. X 2: d. simple and glandular trichomes

- 2>- e flower in longitudinal section, calyx lobes

:hed at apex of. and carpels at base of. floral tube. X

The great majority of species of Rosa belong to subg. Rosa (floral cups

glabrous or with glands or bristles, not with prickles), winch is subdi-

vided into ten sections. Three of our native roses. R. Carolina. R. palustns,

and R. joliolosa, belong to sect. Carolinae Crepin (carpels inserted at the

base of the floral cup; calyx lobes deciduous from the hip. elongate, apical-
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ly dilated and flattened, the outer with a few linear appendages or entire;

floral cups glandular), which is restricted to eastern North America. Be-

cause each of the distinguishing characters of this section is found in some

species of sect. Onnamomeae DC, sect. Carolinae is sometimes merged

with that section (see discussion in Lewis, 1957b).

Rosa Carolina L.,2n = 28, a variable and taxonomically complex species,

occurs from peninsular Florida, Alabama, Mississippi, Louisiana, and Texas,

northward to New England, Nova Scotia, and Ontario to Michigan, Wis-

consin, and Nebraska. This species, distinguished from related ones by

the fine and mostly straight infrastipular prickles that are round in cross

section and not particularly broad based, the usual abundance of internodal

prickles and bristles, the narrow stipular auricles (less than 2.5 mm. wide),

the mostly solitary flowers, and the ovate or elliptic leaflets that are usu-

ally glabrous above and below, is particularly variable in the height of

the plants, flower size, abundance of prickles, leaflet size, and indumentum
density. Many of these characters can be altered by the environment, and

R. Carolina is one of the most heterogeneous roses of eastern North Ameri-

ca. Segregate species ascribed to our area include R. Lyonii Pursh; R.

serrulata auct., not Raf.; R. subserrulata Rydb.; R. Treleasei Rydb.; and

R. texarkana Rydb. Toward the northern part of its range, R. Carolina is

sympatric with and hybridizes with R. virginiana, as it does toward the

western part of its range with R. arkansana Porter.

Along the Atlantic seaboard from Newfoundland and New England to

New Jersey, Delaware, and eastern Pennsylvania, there are a number of

rather homogeneous populations of roses with stout, usually curved, broad

based infrastipular prickles on the floral branches (but few or no inter-

nodal prickles or bristles), inflorescences of three or more flowers, apically

dilated stipular auricles more than 2.5 mm. wide, obovate, shiny leaflets,

and a sporophytic chromosome number of 28; these plants are properly

called Rosa virginiana L. Similar, more variable plants with at least some

of these features are found southward and westward to Virginia, North

Carolina, Alabama, Tennessee, and Missouri; these are either included in

R. virginiana (Fernald, Gray's Manual, ed. 8; Steyermark, Fl. Missouri)

or considered to be the result of hybridization and introgression between

R. Carolina and R. virginiana or R. arkansana (Gleason, New Britton &
Brown; Lewis, 1958).

Rosa palustris Marshall, swamp rose, In = 14, a tall shrub with finely

toothed leaflets, convolute stipules, and large, stout infrastipular prickles

(but lacking internodal prickles and bristles), ranges from Florida to

Arkansas, north to Nova Scotia, Ontario, Michigan, Wisconsin, and Minne-

sota; it is especially common along the Atlantic seaboard. As the specific

and common names indicate, this species is largely restricted to wet habi-

tats, such as swamps, marshes, wet woods, and the borders of streams,

bayous, sink holes, and drainage ditches. Plants with fewer (usually 5)

and smaller leaflets and depressed-globose, instead of globose or ellipsoidal,

floral cups have been separated as R. floridana Rydb.
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The other species of sect. Carolinae in our area is R. joliolosa Nutt.
ex Torrey & Gray, In = 14, a distinctive low shrub of dry, open areas,

mostly with nine, narrow, elliptic leaflets per leaf and stems that are un-

armed or have a few small, straight prickles. This species has one of the

narrowest distributions of any native North American rose: extreme

western Arkansas, the eastern two-thirds of Oklahoma, and central and
north-central Texas. Rosa nitida Willd.. 2n = 14, the only other species

of this section, occurs in New England, Quebec, and the Maritime Prov-

inces of Canada.

The largest section of the genus is sect. Cinnamomeae DC. (sect. Cas-

siorliodon Dumort.) (erect, deciduous shrubs with bristles and usually

slender, straight prickles in infrastipular pairs or scattered; flowers nu-

merous, in bracteate corymbs; calyx lobes persistent, all entire; carpels

lining the sides of the floral cup), which includes more than fifty species

of both hemispheres. Although this section does not occur in our area,

four species are indigenous to North America, and Rosa rugosa Thunb.,

2n = 14, a native of eastern Asia, has become thoroughly naturalized

within the past 70 years along beaches from the Bay of Fundy to Long

Island Sound and New Jersey and also around the lower Great Lakes.

Our only other indigenous rose is Rosa setigera Michw. prairie rose,

In = 14, the only New World species of sect. Synstylae DC. (styles ex-

serted, united into a column). This plant, a large shrub with long (to

5 m. or more), climbing, leaning, or trailing stems, trifoliolate leaves (the

leaflets large, coarsely toothed), uniform-sized infra- and internodal

prickles (but no bristles), and glandular stipules, petioles, pedicels, calyx

lobes, and floral cups, is indigenous to the region from northeastern Texas,

Oklahoma, Kansas, and Nebraska, east to the eastern foothills of the

Appalachians. It has become naturalized along the Atlantic seaboard from

New England to South Carolina. Two varieties, var. setigera, with the

leaflets glabrous below or with trichomes only on the veins, and var. to-

mentosa Torrey & Gray, with the leaflets pubescent below, can be dis-

tinguished. Unarmed plants of both varieties occur, as do white-flowered

individuals of var. tomcntosa.

Two eastern Asiatic species of sect. Synstylae are naturalized in

eastern North America. Rosa multiflora Thunb.. In = 14, Japanese or

multiflora rose, an arching or trailing shrub with numerous small flowers

in pyramidal inflorescences, fimbriate-pectinate stipules, glabrous styles.

and only infrastipular prickles, is commonly planted along fence rows and

roadsides, particularly as a "living fence." It is reproducing by seed from

New England and New York, south and west to the Carolinas, Mississippi,

Tennessee, Missouri, Oklahoma, and Texas. The memorial rose. R.

Wichuraiana Crepin, In = 14, a low, semi-evergreen plant with long,

prostrate or trailing branches, pubescent styles, jagged-dentate stipules,

and scattered prickles, is often grown as a ground cover along highways

and railroads, and it has spread locally in at least Virginia, the Carolinas,

and Ohio.
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Rosa laevigata Michx., In = 14, Cherokee rose, the only species of

sect. Laevigatae Crepin, was for some time thought to be indigenous to

the southern United States (Michaux described it from plants collected

in Georgia), but it is actually a Chinese plant that was introduced and
became naturalized at an early date. This distinctive species is a high-

climbing shrub with evergreen, glossy, ternately compound leaves; large,

white, solitary flowers; bristly floral cups, pedicels, and hips; and uniform
curved internodal and infranodal prickles.

Rosa bracteata Wendl., In = 14, of sect. Bracteatae Crepin (stems,

inflorescence branches, and floral cups tomentose; flowers few or solitary,

short-stalked, subtended by large, foliaceous bracts; stipules pectinate;

infrastipular prickles stout, curved; internodal regions mostly with bristles

and stipitate glands) is a native of China and Taiwan that is commonly
planted in the southern United States as a 'living fence'; it readily es-

capes and is naturalized from Florida to Texas, northward to Virginia

and Tennessee. This is a handsome shrub with long, stout branches that

clamber, ramble, or recline (sometimes forming mounds 5 m. or more
tall), large white flowers, and evergreen leaves with 5 to 9 small, leathery,

glossy leaflets. The only other species of this section is R. clinophylla

Thory, of India.

Section Caninae DC, dog roses, includes deciduous shrubs with nu-
merous, uniform-sized prickles (bristles mostly absent), usually pinnate
outer calyx lobes, and long stipitate carpels. This group is nearly con-
fined to Europe and is taxonomically quite difficult. Three species have
escaped from cultivation locally in the eastern United States: Rosa Eglan-
teria L.,u In = 35. sweet briar (leaflets pubescent and densely glandular

below, styles villous or lanate. calyx lobes persistent); A", mkrantha
Smith (similar to the preceding but the styles glabrous); and R. canina
L., In = 35, dog rose (leaflets glabrous and eglandular below, calyx

All species of sect. Caninae are polyploid (mostly pentaploids), as far

as is known, and they have a type of reproduction that is unlike that of

any other flowering plant. During meiosis, 7 bivalents and 14, 21. or 28

univalents are formed. The univalents are not incorporated into pollen

grains, which have 7 chromosomes. The megaspores, however, contain all

of the univalents plus a set of 7 chromosomes from the bivalents. At fer-

tilization the original, parental chromosome number is restored. Thus in

pentaploid species, the pollen contains 7 chromosomes, while the egg cells

have 28 chromosomes. Inheritance is strongly maternal, and reciprocal

hybrids between species result in plants differing in rhmmosome inheri-

tance. A hybrid of R. canina and R. Eglanteria can be 4/5 canina and 1/5

Eglantcria or vice versa. This mechanism is genetically controlled and
can be broken down when crosses are made with species belonging to

other sections.
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Section Rosa (erect, low. deciduous, rhi/omatous shrubs with bristles

and hooked prickles; flowers often solitary, without subtending bracts;

calyx lobes deciduous, the outer pinnate; carpels sessile) includes one

wild species, Rosa gallka L., In = 28, French rose, Provins rose, red rose

of Lancaster, a native of southern and central Europe that occasionally per-

sists or escapes from cultivation in the eastern United States. This species

has given rise by mutation and hybridization to several groups of "old gar-

den roses": damask roses (R. dtunasccna Miller), cabbage roses (R. ccn-

tijolia L.), moss roses (R. ccntijolia var. muscosa (Miller) Ser.), and alba

roses (R. alba L.).

The remaining sections of subg. Rosa are Pimpinellifoliae DC. (about

10 Old World species). Chinknsks DC. (two species of China), and

Banksiae Crepin (R. Banksiae Aiton, China). The other subgenera are

Hulthemia (Dumort.) Focke (R. persica Michx. ex J. F. Gmelin, south-

western and central Asia), Platyrhodon (Hurst) Rehder (R. Roxburghii

Tratt., China and Japan), and Hesperhodos Rehder (R. stellata Wooton,

New Mexico and Texas: R. minutifolia Engelm., northern Baja Califor-

The genus has been studied cytologically in some detail. The base

chromosome number is 7 (aneuploidy is known only in cultivars) and the

chromosomes are small and morphologically similar to one another, dif-

fering mostly in number and behavior at meiosis. The species of sub-

genera Hulthemia, Platyrhodon, and Hesperhodos and sects. Syn-

stylae, Chinenses, Banksiae. Laevigata!:, and Bracteatae of subg.

Rosa are all diploid. Sections Pimpinellifoliae and Carolinae have

diploid and tetraploid specie.-: Cinxamomi.ae, diploid, tetraploid. hexa-

ploid, and octoploid species; Gallicanae, one tetraploid species; and

Caninae, heterogamous polyploid species. Tackholm (see map in Hurst,

1928) showed that in Europe there is a regular series of ploidy levels

from south (diploid) to north (octoploid). A somewhat similar phenome-

non seems to occur in North America, with the octoploid Rosa ackidaris

subsp. acicularis in Alaska and the hexaploid subsp. Sayi in northern

North America (extending southward in the Rocky Mountains). Tetra-

ploid and diploid species are widely distributed, but the diploids do occur

farther south than the tetraploids (see map in Lewis, 1970).

Roses have long been one of the favorite flowers of peoples of many

lands and cultures, and they often figure in song, poetry, literature, and

painting. Historical events, such as the War of Roses, are sometimes as-

sociated with the genus. The common garden roses are of complex hybrid

origin involving Rosa chinensis Jacq., R. odorata (Andrews) Sweet, R. gal-

lka, R. moschata Herrm., R. joetida Herrm., R. multiflora, and R.

Wichuraiana. Rose hips are flavorful, contain a large concentration of

vitamin C. and are sometimes eaten fresh or made into jelly or tea. Rosa

damascena is grown commercially in Bulgaria, France, and the Middle

East for the production of Attar of roses and rose water.
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16 pis. London. 1962. [Includes key to the major groups of cultivated roses
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Valadox, L. R. G.. & R. S. Mummery. Changes in carotenoid composition of

certain roses with age. Ann. Bot. II. 33: 671-677. 1969.

Watson, S. Contributions to American botany. 1. A history and revision of

the roses of North America. Proc. Am. Acad. Arts 20: 324-352. 1885.

Willmott, E. The jrenus Rosa. Drawings by A. Pars.-xs. 25 pts. in 2 vols,

viii + xxv 4- xxvii + 552 pp. London. 1910-1914. [Many colored and

monochrome illustrations: 180 spp. recoani/ed: illustrated glossary in pt.

Wilson, E. H. The story of the modern rose. Gard. Mag. N.Y. 21: 253-256.

1915. [See chart in Ibid. 24: 96. 97. 1916.]

Wylie, A. P. Masters Memorial Lecture, 1954. The history of the garden

roses. I. Jour. Roy. Hort. Soc. 79: 555-571. figs. lfil-lt>3. 1954. II. Ibid.

80: 8-24. 1955. III. Ibid. 77-87. [A basic history of the development of

the various classes of cultivated roses.]

Subfam. MALOIDEAE C. Weber

(Subfam. Pomoideae, nom. invalid.)

A very natural group of perhaps 19 genera of the Northern Hemisphere.

Only four genera, Chamaemeles Lindley (monotypic. Madeira), Hespero-

meles Lindley (15 spp., Central and South America, often included in

Osteomeles Lindley), Heteromeles Roemer (monotypic, California and

Baja California; sometimes included in Photima Lindley), and Peraphyl-

lum Nutt. ex Torrey & Gray (monotypic, western United States), do not

have species in Asia. Three genera. Amelanckier Medicus, Pyrus L. (in-

cluding Malus, Sorbus, and Aronia), and Crataegus L.. have species in-

digenous to eastern North America, and Pyraeantha Roemer is naturalized

in that region.

Two tribes are sometimes recognized, Crataegeae Koehne with the

inner walls of the carpels becoming hard and each carpel developing into

a separate nutlet (the fruit called by Kalkman a polypyrenous drupe) and

Sorbeae Koehne with the inner walls of the carpels becoming chartaceous

or cartilaginous, rarely bony, and the carpels laterally connate (the fruit

with one multilocular' "core"'). Tribe Crataegeae includes Chamaemeles,

Cotoneaster Ehrh., Crataegus L., Hesperomeles, Mespilus L.. Osteomeles.

and Pyracantha; tribe Sorbeae includes Amelanckier, Chaenomeles Lind-

ley, Cydonia Miller. Dichotomanthes Kurz, Docynia Decaisne. Eriobotrya

Lindley, Heteromeles, Peraphvllum. Photima. Pyrus. Rhaphiolepis Lindley

corr. Poiret, and Stranvaesia Lindley. The characters of the consistency

(induration) of the endocarp and the degree of lateral connation of the

carpels seem to be more variable than originally thought, and the division

of the subfamily into two tribes as outlined above may not best reflect

generic relationships.

Generic limits are notoriously difficult to define in subfam. Maloideae.

On morphological grounds alone, it would not be difficult to distinguish
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30 genera. The flowers and fruits of all species of the subfamily are quite

similar, but there are numerous variations (often difficult to see on her-

barium specimens). Some floral differences are the type and position of

inflorescences, the number of flowers, the arrangement of the calyx lobes

at anthesis, the color of the petals, the number of stamens and staminal

whorls, the number of carpels, the degree of adnation of the carpels to

the floral cup, the degree of connation of the styles, the shape of the

stigmas, and the number of ovules. Fruits differ in color, shape, and

size, the presence or absence of grit cells, the consistency and degree of

lateral connation of the inner carpel walls, and the persistence of the

calyx lobes. Pyrus subg. Sorbus is particularly critical, since within it

are found many of the characters used to delineate the other genera. Bar-

riers to hybridization between both species and genera are usually weak.

Hybrids between Pyrus subg. Sorbus and Amelanchier, Cotoneaster, Cra-

taegus. Mcspilus (see Kovanda), and Pyrus subg. Aronia, subg. Malus,
and subg. Pyrus are known. Also reported are hybrids between Crataegus

and Mespilus; Crataegus and Pyrus subg. Pyrus; Pyracantha and Osteo-

meles; Pyracantha and Cotoneaster; Cydonia and Pyrus subg. Pyrus;

Cydonia and Pyrus subg. Malus (see Rehder) ; and Pyrus subg. Pyrus

and P. subg. Malus. Sax (1931, subfam. ref.) went so far as to say that

on genetic and cytological grounds "all of the present genera of the

Pomoideae might be classed as genetic species under one genus. In at

least one case two genera [Sorbus and Aronia] should be combined in

one species." It does not seem likely that a universally acceptable system

of generic delimitation can be devised in the forseeable future.

Most Maloideae have partly to completely inferior ovaries that develop

into characteristic fruits, pomes, in which the carpels are practically sur-

rounded by the enlarged, usually fleshy floral cup. The nature of the in-

ferior ovary, floral cup. and fruit is debatable. According to the "axial"

or "receptacular" theory, the carpels are sunken in the pith of the in-

vaginated stem, so the flesh of the pome is largely receptacular in origin

(see Black and Tukey & Young under Pyrus). The "appendicular" theory

holds that the floral cup consists of the adnate bases of the sepals, petals,

and stamens, and the fleshy part of the fruit is thus appendicular (see

MacDaniels and Blaser & Einset, Pyrus ref.). In a recent Hungarian in-

vestigation of the pear (Gracza, Pyrus ref.), both axial and appendicular

regions were identified in the mature fruit. Virtually all studies on the

nature of the pome have been made on the cultivated apple or pear; other

genera of Maloideae need to be investigated
;
perhaps then a definitive ex-

planation of the maloidean floral cup can be given.

The base chromosome number in the Maloideae is 17, a number un-

known in other Rosaceae, except Quillaja brasiliensis (St. Hil.) Martius

(Spiraeoideae-Quillajeae). Fifteen genera have been examined cytological-

ly. The species of small genera are predominantly diploid, while tetra-

ploid or triploid species (or hybrids) are common in large genera; higher

polyploid levels and aneuploidy are quite rare. Several hypotheses have
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been proposed to explain the base number of 17: Malus is an aneuploid

derived from a halved pentaploid ancestor that had a base number of

seven (x = 1/2 (35 - 1); Nebel. Pyrus ref.); or the Maloideae are

veloped from a seven-chromosome type with four

represented twice and three chromosomes represented three

times (x = 8 -f- 8 + 1; Sax, 1931, subfam. ref.); or the Maloideae are

allotetraploids that arose from a cross between plants with base numbers

of eight and nine and involving either two members of the Spiraeoideae

or representatives of the Spiraeoideae and Rosoideae (x = 8 -f- 9; Sax,

1932, subfam. ref.); or the Maloideae are amphidiploids derived from

hybridization of ancestral Spiraeoideae and Amygdaloideae (x = 9 + 8;

Stebbins, subfam. ref.).

Ashe, W. W. Notes on Pomaceae of upper South Carolina. Bull. Charleston

Baker, K. F. Fire blight of pome fruits: the genesis of the concept that bac-

teria can be pathogenic to plants. Hilgardia 40: 605-635. 1971. [Extensive

bibliography.]

Browicz, K. Distribution of woody Rosaceae in \\ Asia EL On the distribu-

tion of Mespilus za-manica L. Arb. Kornicke 13: 27-56. 1968.

Challice J S. Phenolic compounds of the subfamily Pomoideae: a chemo-

taxonomic survey. Phytochemistry 12: 1095-1101. 1973.

Church, A. H. Types of floral mechanisms. Part 1. vii + 211 pp. 52 pis.

Oxford. 1908 [
lVpe C ytU n i ; p. " ca 1< S-1S7. 6 pis.]

Decaisne, M. J. Memoire sur la famille des Pomacees. Nouv. Arch. Mus. Hist.

Nat. Paris 10: 113-192. pis. 8-15. 1874. [Considers the concept of genera

in subfamily; good illustrations of floral and fruit morphology.]

Dermen H. Are the pomes amphidiploids? A note on the possible origin of

„„-. Hered. 40: 221. 222. 1949.

Beitrage zur Kenntnis der orientalischen Pomaceen (Pirns, Sor-

bus Crataegus) Repert. Sp. Nov- 34: 29-72. pis. 141-161. 1933.

Flinck,'k. E., & B. Hylmo. A list of series and species in the genus Cotoneaster.

FOLGNER, V. Beitrage zur Systematik und pflanzengeographischen Verbreitung

der Pomaceen. Osterr. Bot. Zeitschr. 47: 1 I
,

i 2
; 153 178, 199-206. 296-

300 1897 [Also issued separately v
.

r tion.]

Gladkova, V N. On the systematic position of the genus Dichotomanthes Kurz.

(In Russian: Endish ,ummar>-. .
But Zhur. 54: 451-436. 1969 ["The

'

(
m position between different subfamilies

of Rosaceae ... a new subfamily, Dichotomanthoideae, is distinguished.

Includes a detailed plate.]
.

.

Kalkman, C. The Malesian species of the subfamily Maloideae (Rosaceae).

Blumea 21: 415-442. 1973. [Comments on generic limits.]

Klotz G Die Hvbridi* tion tin ,. hii-er Evolutions-Faktor in der Gattung

Cotoneastei Medi - \\ - / ' ? er Unix Jena Math.

\-,
r
,, r in. pn ui 1070 TAlso see other articles in vols. 12. 15, and 17.]

^T^^O^r^Vo^c^. 33 PPf
Pls.l, .Berlin. 189*

Xovanda, M. On the generic concepts in the Maloideae. Presba 37: 2,-34.

1965.
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Lindley, J. Observations on the natural group of plants called Pomaceae. Trans.

Linn. Soc, London 13: 88-106. pis. 8-11. 1S22. LThe first monograph of

the subfamily; still pertinent.]

Moffett, A. A. The chromosome constitution of the Pomoideae. Proc. Roy.

Soc. London B. 108: 423-446. 1931.

Sax. H. J. Polyploidy and apomixis in Cotoneaster. Jour. Arnold Arb. 35: 334-

365. 1954. [Includes brief summary of polyploidy and apomixis in Rosa-

Sax, K. The origin and relationships of the Pomoideae. Jour. Arnold Arb. 12:

3-22. pi. 28. 1931.

. Chromosome relationships in the Pomoideae. Ibid. 13: 363-367. pi. 50.

1932.

. The origin of the Pomoideae. Proc. Am. Hort. Soc. 30: 147-150. 1933.

Stebbins. G. L.. Jr. Variation and evolution in plants, xx -| 643 pp. New-

York and London. 1950. [Origin of Maloideae, 359-361.]

. On the hybrid origins of the angiosperms. Evolution 12: 267-271. 1958.

[Expands discussion from book on origin and evolution of Maloideae.]

Vidal, J. E. Notes sur quelques Rosacees asiatiques. II. Photinia, Stranvaesia.

Adansonia II. 5: 221-237. 1965. III. Revision du genre Eriobotrya (Po-

moideae). Ibid. 537-580. IV. Mains sect. Docyniopsis; Docynia. Ibid. 6:

563-571. 1967.

Weber, C. The genus Chaenomeles (Rosaceae). Jour. Arnold Arb. 45: 161—

205. 302-345. 1964. [Contains information on relationships and hybrids of

the genera of Maloideae.]

Zwet, T., van der. Recent spread and present distribution of fire blight in the

world. PI. Disease Rep. 52: 698-702. 1968.*

Evergreen, compactly branched shrubs with slender but rigid stems,

thorns (bearing leaves or leaf scars), and spine-tipped lateral branches;

buds small, sessile, solitary or collaterally branched in spine formations,

the scales dry. Leaves alternate, shortly petiolate; blades elliptic to

obovate with crenate [serrate, or entire margins], the teeth often glandular

tipped; leaf scars somewhat raised, narrowly crescent shaped or 3 lobed

with 3 bundle traces; stipules minute, caducous. Inflorescences several-

flowered compound cymes or corymbs terminating short lateral shoots.

Flowers perfect. Calyx without an epicalyx, the 5 small lobes broadly

triangular, sometimes glandular toothed, persistent, imbricate in aestiva-

tion; floral cup turbinate at anthesis. Petals 5, whitish, spreading, decidu-

ous, equal, subcircular with uneven margins, the lower adaxial surfaces

slightly pubescent, inserted at the edge of the floral cup, imbricate. An-

droecium of 20 stamens; filaments free except at the base, unequal in

length, inserted in 2 series at the edge of the floral cup between the peri-

anth and a fleshy nectar ring surrounding the mouth of the floral cup.

Gynoecium of 5 antesepalous carpels, adaxially and laterally free but

abaxially half-adnate to the floral cup (the ovaries half-inferior), the ex-

posed upper surfaces densely pubescent; styles 5, terminal on the adaxial
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margins, deciduous; stigmas discoid; each carpel with 2 ascending, ana-

tropous ovules on an adaxial and basal placenta, the micropyle inferior.

Fruit a small, ± globose, orange to red pome [yellow or white in culti-

vars], open at the apex; carpels remaining distinct from each other, be-

coming stony and forming 2- or 1 -seeded nutlets surrounded by the en-

larged, fleshy floral cup crowned by the persistent calyx lobes; mature

seed or seeds filling the nutlet cavity, the testa membranaceous, endo-

sperm absent; embryo erect, the cotyledons plano-convex. Base chromo-

some number 17. Lectotype species: Mespilus Pyracantha L. = P.

coccinea Roemer; see A. Rehder, Bibliogr. Cult. Trees Shrubs, 239. 1949.

(Name from Greek pyr, fire, and acantha. thorn, in reference to the red

fruits and thorny branches.) — Firethorn.

A genus of about eight species, with Pyracantha coccinea in southern

Europe and western Asia. P. Koidzumii Rehder in eastern Formosa, and

five or more species in China (the greatest concentration of species in

Yunnan) and Indochina. Pyracantha crenulata (Roxb.) Roemer var.

crenulata occurs in the Himalayas as far east as Bhutan; other varieties

of this species are disjunct in southwestern and northwestern China and

North Vietnam. The genus is taxonomically straightforward (excluding

cultivars) but needs a modern review to update nomenclature, clarify the

status of a few taxa, and work out a-ui aphii al distributions.

Pyracantha coccinea has escaped from cultivation and become locally

naturalized in the eastern United States from Pennsylvania to Florida and

Louisiana; it also persists near old house sites. This species is distinguished

from others by the pubescent, but not tomentose, lower leaf surfaces,

calyx lobes, floral cups, and pedicels and the elliptic to obovate leaf blades

usually with crenulate-serrulate margins. Today P. coccinea occurs in

the Old World from the Pyrenees to Italy, southeastern Europe. Turkey,

Crimea, Caucasia, and Iran. Some authors believe that this species does

not occur naturally west of Italy; others place the westernmost natural

limit in Dalmatia. Pyracantha Koidzumii has recently been reported as

escaped in Spartanburg Co., S. C. (Clark et al., Castanea 38: 300. 1973).

Pyracantha is closely related to Cotoneaster Medicus (in which it was

included by Focke, Small, and Fernald), as well as to Crataegus L. It

differs from the former in having thorns and usually serrate (rather than

always entire) leaves and from the latter in its unlobed and evergreen

(rather than lobed and deciduous) leaves, its caducous instead of partly

persistent stipules, and its often two- rather than one-seeded nutlets. An

intergeneric hybrid, X Pyracomeles VUmorinii Rehder ex Guillaumin,

arose spontaneously in a French nursery between Pyracantha crenato-

serrata (Hance) Rehder and Ostcomchs subrotunda K. Koch. A hybrid

between Pyracantha and Cotoneaster has been obtained by V\
.
E. Silva

(cf. Egolf & Drechsler). The six species and many cultivars that have

been examined cytologicaliy have a chromosome number of In = 34, the

same as the majority of Maloideae.
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Plants of Pyracantha are extensively grown as shrubs, hedges, or es-

paliers. They are particularly attractive in autumn when the colorful

fruits mature. The species are reasonably distinct in nature, but in culti-

vation they hybridize readily, and true species are rarely found in gardens,

since many nurseries raise the plants from seed of open-pollinated flowers.

Under subfamily references see Challice, Decaisne, Folgner, Koehxe, and

Lindley. Under family references see Bean, Dippel, Rehder, Schneider,

Sterling (IV), and Vines.

BROWICZ, K. Distribution of woody Rosaceae in W. Asia. VI. Pyracantha coc-

cinea Roem. (Polish and Russian summaries.) Arb. Kornickie 15: 17-27.

1970. [Includes list of species recognized in genus and their geographical

De Vos, F. Cultivated firethorns. Proc. PI. Propag. Soc. 8: 32-38. 1958. [Rates

48 cvs. for hardiness, resistance to fire blight, and lasting qualities of fruit.]

. The cultivated Pyracanthas. Card. Jour. N.Y. Bot. Card. 10: 215-217.

1960. [Review of species and their horticultural aspects.]

Ecolf, D. R., & R. F. Drechsler. Chromosome numbers of Pyracantha [Rosa-

ceae]. Baileya 15: 82-88. 1967. [Six species and many cultivars are all

diploid with In = 34.]

Montani, R. G. Species of the genus Pyracantha (Rosaceae) grown in Argentina.

(In Spanish.) Revista Inst. Mimic. Bot. 2: 31-50. 1962.*

Sealey, J. R. Pyracantha Ro-crsiana. Bot. Mag. 166: pi. 74. 1949.

. Pyracantha Koidzumii. Ibid. 169: pi. 205. 1953.

Stapf, O. Pyracantha angustijolia. Bot. Mag. 136: pi. 8345. 1910.

. Pyracantha atalantioides et Pyrat Ibid. 151: pi. 9099.

19. Crataegus Linnaeus, Sp. PI. 1 : 475. 1753; Gen. PL ed. 5. 213. 1754.

Deciduous or semi-evergreen shrubs or small trees, often much branched,

with terete, slender but rigid and ± zigzag branches; usually armed with

simple or branched axillary spines; bark scaly and/or deeply fissured and

crosschecked, ashy gray to dark brown; buds small, subglobose, sessile,

solitary or collaterally branched in spine formations, the outer scales

brownish, the inner fleshy and green to red. Leaves alternate, petiolate;

blades usually toothed (the teeth glandular tipped) and lobed or deeply

divided, ovate to elliptic or obovate, leaves at ends of vegetative shoots

usually larger, more deeply lobed and differently shaped than those of

flowering branches; leaf scars slightly elevated, narrowly crescent shaped

with 3 bundle-scars; stipules commonly glandular toothed, large and per-

sistent on vegetative branches, or small and deciduous on flowering

branches. Inflorescences few- to many-flowered, simple or compound, ±
convex cymes terminating short lateral, leafy branches; bracts and

bractlets linear, often brightly colored and glandiferous, caducous, leaving

a prominent glandlike scar. Flowers perfect, 5-merous. Calyx without an

epicalyx, the 5 lobes reflexed at anthesis, acute or acuminate, rarely fo-
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liaceous, often glandular-serrate and gland tipped, deciduous or persistent,

imbricate in aestivation; floral tube cup shaped to urceolate at anthesis,

adnate to the carpels. Petals white to light or dark pink, spreading, equal,

subcircular with entire to erose margins, deciduous, inserted at the edge

of the floral tube, imbricate. Androecium of 5-25 stamens, when 10, in

one whorl of 5 pairs, when more than 10, the outer whorl consisting of

5 pairs; filaments free except at base, usually unequal in length, inserted

on the rim of a small to prominent, fleshy nectar ring surrounding the

mouth of the floral tube; anthers pale to intense yellow, pink, or purple.

Gynoecium of 1-5 carpels, abaxially half to completely adnate to the

floral cup (the ovaries half to completely inferior) and adaxially and

laterally free to ± connate; styles as many as the carpels, distinct or

weakly connate, terminal on the adaxial margins, persistent; stigmas dis-

coid; each carpel with 2 erect, anatropous ovules on an adaxial and basal

placenta, the micropyle inferior. Fruit red, orange, yellow, blue, or black,

a small subglobose, ovoid, obovoid, or pyriform pome, slightly open at

the apex with the persistent styles protruding; carpels remaining or be-

coming distinct from each other, forming stony, usually one-seeded nut-

lets surrounded by the enlarged, fleshy to mealy floral tube; mature seed

filling nutlet cavity. Testa membranaceous; endosperm absent; embryo

erect, the cotyledons planoconvex, the radicle short, inferior. Lectotype

species: C. Oxyacantha L.; see \V. W. Eggleston in N. L. Britton, N. Am.

Trees, 444. 1908. 12 (Name from Greek krataigos, a kind of flowering

thorn, evidently applied by Theophrastus to a species of Crataegus, per-

haps in turn derived from kratos, strength, alluding to the strong wood

or the numerous thorns that protect the plants from browsing animals.) —
Hawthokn, thorn, haw.

One of the taxonomically most difficult genera in the eastern United

States with well over a thousand described "species." The actual number

of biological entities worthy of taxonomic recognition is impossible to de-

termine at present due to the large number of local variants that may be

hybrids, apomicts, or both. The genus is most abundant, both as to

individuals and diverse forms, in the region from Newfoundland westward

through the St. Lawrence River basin to northwestern Minnesota and

south to Florida and the mouth of the Colorado River in Texas. Rela-

tively few species occur in the Rocky Mountains, the Pacific Coast region,

through the highlands of Mexico to the Andes, and in Europe, the Middle

East, central and southwestern Asia, Siberia, China, and Japan. The

majority of Crataegus species are calciphilous and occur in somewhat

disturbed habitats along the borders of streams, rocky ledges or woods,

and in prairies, glades, copses, fence rows, and pastures. In our area nu-

^Medicus (Philosoph. Bot. 1: ISO, 154, 155. 1789) ™ ier**£lS

L ^n^thln be
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merous species are restricted to dry, sandy, upland woods with acidic

soils; others inhabit swamps or rich, low, wet grounds.

The genus may be subdivided into about thirty series, but the exact

number currently recognized is difficult to determine since there is no

recent treatment of the genus on a worldwide basis (Rehder's Bibliography

lists all series in cultivation). Additionally, there are varying concepts

as to the criteria to be used in delimiting series and the species to be in-

cluded, and the nomenclature is badly tangled. The author citations of

the series need reviewing, since neither Beadle nor Sargent designated the

rank of their subgeneric categories, although many of their names have

been adopted. The morphological distinctiveness of the series varies con-

siderably, some being clearly delimited (e.g., Aestivales (Sargent ex-

Palmer) Rehder; Brevispinae Beadle ex Rehder; Microcarpae (Lou-

don) Rehder; Cordatae Beadle ex Rehder), while others have indefinite

discontinuities between them (Molles (Sargent ex Palmer) Rehder;

Coccineae (Loudon) Rehder; Tenuifoliak (Sargent ex Palmer) Reh-

der; Dilatatae (Sargent ex Palmer) Rehder; Punctatae (Loudon)
Rehder; Virides (Beadle ex Palmer) Rehder; and Pulciiekrimae (Beadle

ex Palmer) Robertson). 13

In his synopsis of North American hawthorns, Palmer listed about 300

species in 18 sections (and one group of unassignable species) as occur-

ring in our area. In the second edition of Small's Flora of the Southeastern

United States (1913), Beadle assigned 185 species to 33 infrageneric

groups of undesignated rank, but Tidestrom distinguished only 33 species

in 16 groups in Small's Manual (1933). Radford, Ahles, & Bell rec-

ognized 13 species in the Carolinas. These very diverse treatments are

indicative of the problems encountered in Crataegus. While it is clearly

beyond the scope of this paper to enumerate all taxonomic entities in

our area, a few generalizations are possible.

Representatives of 21 series occur in the southeastern United States, to

which several series are entirely or predominantly restricted (Aestivales;
Apiifoliae (Loudon) Rehder; Bracteatae (Sargent ex Palmer) Rehder;
Brevispinae; Flavae (Loudon) Rehder; Microcarpae; Pulcherrimae;
Trifoliae (Beadle ex Palmer) Rehder; and Virides). Other series have

a more northern or western primary distribution with only one or a few

species occurring toward the periphery of our area (Pruinosae (Sargent

ex Palmer) Rehder; Tenuifoliak). Not many series have species rang-

ing throughout the eastern United States (Crus-Gallinae Rehder;
Molles; Punctatae), and no series or species has a transcontinental dis-

tribution.

The taxonomic and nomenclatural confusion in Crataegus today is a

relatively recent phenomenon. Before the year 1896, fewer than 17 species

and varieties were commonly recognized as occurring naturally or spon-

" Crataegus series Pulcherrimae (Beadle ex Palmer) Robertson, stat. nov. Cra-
tat^:i< sjct. Pulcherrimae Beadle ex Palmer, Jour. Arnold Arb. 6- 78, 79. 1925 (based

on group "Pulcherrimae" of Beadle in Small" H -outlet I 3 . 532. 1903).
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taneously in the east

the Twentieth Centi

digious rate, largely as the result of the efforts of \V. \Y. Ashe, of the

U.S. Forest Service (who named at least 177 species), C. D. Beadle, of

the Biltmore Herbarium (whose contribution amounted to 143), and C. S.

Sargent, of the Arnold Arboretum (who added over 700). (See Sutton

for an excellent account of Sargent's work with Crataegus). This plethora

of new Crataegus species inevitably drew criticism (see Bessey and (amp).

Because of the sheer numbers of taxa described, most subsequent authors

and collectors have largely ignored the genus, considering the situation

That numerous species described during what Palmer called "the

period of expansion for the genus" are synonyms of previously described

species is now clear, although the morphological variations that caused

the deluge of descriptions are very real. The explanation usually ad-

vanced is that relatively few species are sexually reproducing diploids,

the majority being triploids or other polyploids (sometimes derived by

hybridization) that frequently set seed apogamously. This conclusion is

based on the following evidence: there is a high incidence of pollen steril-

ity among members of the genus; of the more than 130 representatives

that are known cytologically, more than half are triploids and less than

25% are diploids; triploid and pollen-sterile plants often set seed that

produce offspring very similar to the parent plants; and flowers with the

stigmas and anthers removed before anthesis often set fruit. All of these

phenomena suggest analogies to other rosaceous genera, such as Rubus

and Potentilla. in which apoinixis and hybridization are well documented.

However, since irrevocable proof that these last phenomena occur in

Crataegus has not yet been presented, the generalization given above is

only a plausible hypothesis based on largely circumstantial evidence.

With the widespread clearing of the great forest that once extended

from the Atlantic Coastal Plain to the prairies of midwestern North

America, the habitats favorable for hawthorns were greatly expanded.

It can be postulated that as the land was cleared, many discrete popula-

tions were able to expand their ranges (the nutlets are transported in

the digestive tracts of birds and other animals) until their distributions

were contiguous or overlapping. I" -sucn areas hybrids could have arisen,

and if the hybrids were sexually sterile but able to set seed apogamously,

local clones that superficially appear to be species (since they breed true

from seed) could become established. Although the destruction of the

eastern forests was largely by European settlers, Rousseau suggested that

the Crataegus problem was 'created by the agricultural practices of the

Iroquois Indians.

Probably no one has been more familiar with the myriad forms of Cra-

taegus than was E. J.
Palmer, whose knowledge was based on extensive

field work, the examination of thousands of herbarium specimens, and

the long-term observation of the more than 1400 plants (largely removed
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in the 1940's) representing nearly 700 forms of Crataegus that covered

the Peters' Hill tract of the Arnold Arboretum. After his initial publica-

tion on Crataegus (in 1925, before the death of Sargent), Palmer adopted

a more conservative approach, and his later papers and treatments reflect

this philosophy. Palmer (1932) thought that "... a revision is urgently

needed and that enough progress has now been made in understanding the

genus to carry it out along conservative lines, that will neither seek to

reduce arbitrarily species by throwing together as synonyms forms that

are clearly recognizable, nor to maintain as species such as have been

proven to have been based on inconstant distinctions or morphological

characters too slight or obscure to be worthy of specific rank." Although

Palmer never finished the revision, he did solve many nomenclatural and

taxonomic problems. E. P. Kruschke, who has studied extensively the

morphology of the Crataegus species found in the northern United States

(especially Wisconsin), has made further contributions toward clarifying

the complexities of the genus.

It seems likely that the genus will never be understood taxonomically

until detailed studies that include cytology, genetics, and observations on

reproductive biology, as well as morphology, have been made on a broad

geographical basis. The situation was well summarized by Palmer (1943)

:

"Much more experimental work is needed in many groups of plants be-

fore species problems can be resolved, and Crataegus offers one of the

promising fields. It is also one of the most difficult. Some bright young

man should start in it early in life, and it is hoped that he will have the

background of a large endowment. In the meantime some adequate but

conservative treatment of the genus is urgently needed, even though it

may not be possible to dispose of all questions."

Because of the difficulty of identifying specimens of Crataegus, col-

lectors should take special care to include both flowering or fruiting and

vegetative shoots (making certain that both come from the same rootstock,

since the branches of different species may intermingle) and to note the

number of stamens and the color of the anthers, or the color of the fruit

and the number of nutlets and the ease with which they may be separated

from one another. If at all possible, flowering and fruiting collections

should be made from the same plant.

The known intergeneric hybrids involving Crataegus and Mespilus bear

the name X Crataemespilus Camus, with X C. grandiflora (Smith) Camus

(Crataegus monogyna or C. Oxyacantha X M. germanica) and X C-

Gillotii Beck {Crataegus monogyna X M. germanica). Graft-chimaeras be-

tween Crataegus and Mespilus are known as -f Crataegomespilus Simon-

Louis ex Bellair. A presumed graft-chimaera is also known between Cra-

taegus and Pyrus (+ Pyrocrataegus Daniel; Weber was evidently refer-

ring to this chimaera when she mentioned an intergeneric hybrid between

Crataegus and Pyrus).

Several species of Crataegus are commonly grown as ornamentals in

the North Temperate Zone and are particularly attractive in spring, when

in full bloom, and in autumn, when the leaves and plentiful fruits often
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take on brilliant colors. Although the fruits of a few species are eaten

fresh or used in preserves and jellies, most are unpalatable and commonly

are infested with weevils. However, few genera of plants are more im-

portant in the eastern United States than Crataegus in providing food

during autumn and winter for birds and game animals.

Under subfamily references see Ashe, Challice, Decaisne, Diapulis, Folg-

ner, Koehne, and Lindley. Under family references see Bean, Boutineau,

Dippel, Hegi, Hess et al., Rehder, Robertson, Ross-Craig, Sargent, Schnei-

der, Stephens, Sterling (III), and Vines.
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. Crataegus in the northeastern and central United States and adjacent

Canada. Brittonia 5: 471-490. 1946. [Discussion and list of recognized taxa
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'arkova, A. I. De systemate generis Crataegi L. orientis. >
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r, C. S. Notes on Crataegus in the Champlain Valley. Rhodora 3: 19
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The genus Crataegus in North America. Jour. Bot. 45: 289-292. 1907

iscussion of Sargent's philosophy regarding Crataegus.']

Manual of the trees of North America (exclusive of Mexico), ed. 2

i + 910 pp. frontisp. Boston & New York. 1922. [Crataegus. 397-

27: 763-767. 1970.

Shilova, N. V. The formation of vegetative buds in certain species of the

genus Crataegus L. (Rosaceae). (In Russian; English summary.) Bot.

Zhur. 54: 1169-1185. 1969. [15 spp. belonging to 5 sects, studied.]

Standish, L. M. What is happening to the hawthorns? Jour. Hered. 7: 266-

279. 1916. [Pollen fertility examined in 171 forms.]
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Tidestrom, I. Crataegus. In: J. K. Small. Man. Southeast. Fl. 637-644. 1933.

20. Amelanchier Medicus, Philosophische Botanik 1: 135, 155. 1789.

Deciduous, unarmed shrubs (sometimes stoloniferous or surculose) or

trees with slender, terete branches; bark smooth, pale, on old trunks with

shallow, scaly, longitudinal fissures; buds solitary, the lateral ones ad-

pressed, fairly large, acute, sometimes with brightly colored and twisted

scales; leaf scars elevated, narrowly crescent shaped or U-shaped with

3 bundle scars. Leaves alternate, petiolate; blades conduplicate [or im-

bricate] in bud, simple with serrate or rarely entire margins; stipules red-

dish, linear, caducous, leaving no scar. Inflorescences erect or drooping

racemes [the flowers rarely solitary or paired] terminating growth of the

season (the infructescences sometimes appearing axillary due to sym-

podial branching of the shoots), the dowers appearing shortly before or

with the foliage; bracts pinkish, linear, deciduous. Flowers perfect, 5-

merous. Calyx lobes erect, reflexed, or spreading at anthesis, persistent,

imbricate in aestivation: floral tube campanulate to urceolate at anthesis,

adnate to at least the bases of the carpels. Petals white [to pinkish],

flaccidly spreading or narrowly ascending, obovate to lanceolate, taper-

ing toward the base but usually not clawed, the margins entire or slightly

erose at the apices undulating, imbricate, inserted at the apex of the

floral tube. Androecium usually of 20 stamens in 3 whorls; filaments free,

persistent, unequal in length, shorter than the petals, inserted at the apex

of the floral tube between the petals and a large, fleshy, globed nectar

ring (the lobes opposite the petals); anthers dorsifixed Gynoecium of

5 [or 2-41 carpels, abaxially partly to nearly completely adnate to the

floral tube (the ovaries partly to completely inferior) and adaxially free

ath the margins unsealed but laterally i

arpels, connate below to form a hollow column
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part persistent; stigmas terminal, discoid; each carpel with 2 erect, hemi-

anatropous ovules on an adaxial and basal or lateral placenta, the micro-

pyle inferior, the 2 ovules soon ± separated by a partition that grows in-

ward from the outer carpel wall. Fruit a dark blue to purple or nearly

black (sometimes reddish when immature), globose or pyriform berry-

like pome, often covered with a bloom, open at the apex, in section ap-

pearing 10 [or 4-8] locular due to the incomplete false septa; carpels ±
adhering together, the locules with cartilaginous or membranaceous walls

and surrounded by the enlarged, mealy to fleshy floral tubes. Seeds 2 per

carpel and 1 per locule, or sometimes not all ovules maturing; seed coat

membranaceous, smooth, dark brown; endosperm mostly absent; em-

bryo erect, the cotyledons plano-convex, the radicle short, bent, inferior.

Type species: Mespilus Amelanchier L. = A. ovalis Medicus. (Name
perhaps derived from amelanche, the Provencal name of the European

serviceberry, A. ovalis, evidently in reference to the honey-like taste of

the fruit.)

—

Shadbush, serviceberry, sarvis, juneberry.

About 20 to 30 species of the North Temperate region, with three spe-

cies in Europe, northern Africa, and southwestern Asia; Amelanchier

asiatka (Sieb. & Zucc.) Endl. (closely related to A. arborea of eastern

North America) in Japan, southern Korea, and central China; no more

than eight closely related species in western North America; perhaps nine

species largely confined to the triangular area between Labrador, the

western shores of Lake Superior, and New England; and seven species

rather widely distributed in eastern North America and occurring in our

area. Amelanchier denticulata (HBK.) K. Koch (western Texas to Gua-

temala) and A. nervosa (Decaisne) Standley (Mexico and Guatemala)

have been placed in Amelanchier sect. Malacomeles (Decaisne) Rehder

or the genus Malacomeles (Decaisne) G. N. Jones. Peraphyllum ramosis-

simum Nutt.. of the western United States, is closely allied to Amelanchier.

The taxonomic and nomenclatural complexities of Amelanchier per-

haps are exceeded in the Rosaceae only by Crataegus and Rubus, and

treatments of the genus differ greatly in the number of taxa recognized

and the names applied to them. The bases for modern treatments of the

American species are the extensive studies of Wiegand, Nielsen, Fernald,

and Jones (whose revision has been critized for recognizing too few Eastern

and too many Western species). Through their collective works, the en-

tities occurring in our area can be ascertained fairly well, but their

taxonomic status and names are still subject to debate. Wiegand (1912)

summarized the problems in the genus: uAmelanchier^ like Rubus, is a

group in which it will never be possible to have the clearly cut condition

found in so many genera where specimens will fall easily into one or

another specific category. ... It is no less difficult to determine what

names should be applied to the species recognized. Synonymy here is

very extensive and very much involved. It is complicated by the fact that

many of the species of the earlier authors were undoubtedly aggregates,

and also by the fact that several specific names were based upon material
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URE 9. Amel

free, abaxially partly adnate to

from European gardens unlike any species now known to gro*

wild state. There is also some reason to believe that a few name:

based on hybrid specimens."
.

All species in our area have leaves that are conduphcate m bud. rac

inflorescences, and five carpels with the styles at least basally co

1'hey vide.i two broad groups (of no

k), the first of which is composed of species <
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ovaries glabrous (or rarely slightly pubescent) and includes our two ar-

borescent or fastigiately shrubby species that also have finely toothed,

acuminate leaves and large flowers in nodding inflorescences. Amelanchier

arborca (Michx. f.) Fernald, 2n = 68, 14 with ascending branches, the

leaves small and folded at anthesis and densely tomentose beneath when
expanding, compact racemes, and maroon-purple, dry. insipid fruits, is

represented in our area by three varieties. The typical variety (A. cana-

densis of Wiegand and others) has a wide habitat tolerance, occurring in

rich to dry or rocky woods, thickets, or on slopes and bluffs from south-

western New Brunswick to southern Ontario, northern Michigan, and

Minnesota south to northern Florida, Louisiana, and eastern Oklahoma
and adjacent Kansas. Variolas austromontana (Ashe) Ahles, a short tree

or tall shrub with smaller leaves, is evidently confined to southeastern Vir-

ginia and the mountains of western North Carolina, and Georgia. The

identity and validity of this taxon need review. Jones clearly misinterpreted

A. austromontana Ashe by selecting an "isotype" that does not match

Ashe's description and locality and then considering that species a taxo-

nomic synonym of A. spicata (Lam.) K. Koch. Also in need of further

study is A. arborea var. alabamensis G. N. Jones, which differs from var.

arborea by the somewhat pubescent apices of the ovaries. This charac-

ter is usually associated with the "sanguinea" group of species and its

occurrence in an obvious relative of A . arborea is unexplained ;
perhaps it

is the result of hybridization. This peculiar variation occurs sporadically

in southeastern Virginia, the Carolinas, Alabama, and Arkansas.

Amelanchier laevis Wiegand (A. canadensis of some authors, A. arborea

var. laevis (Wiegand) Ahles), In = 68, is characterized by spreading

branches; leaves half-grown, reddish, and mostly glabrous at anthesis;

rather loose inflorescences ; and purple or nearly black, juicy, sweet pomes.

Perhaps the most handsome of our eastern shadbushes, A. laevis is found

in or at the borders of dry to moist woods or thickets, balds, rocky open-

ings, and swamps from Newfoundland to southern Quebec, northern Wis-

consin, Minnesota, and Iowa south to Ohio, Pennsylvania, and Maryland,

extending in the Appalachians to Georgia and Alabama. The wood of

this species is heavy and extremely hard, but the trees are too small for

commercial lumbering.

The remaining species in our area with the ovary summit glabrous are

shrubs with finely toothed and rounded or slightly mucronate mature

leaves, erect inflorescences, and smaller flowers. Amelanchier canadensis

(L.) Medicus (A. oblongijolia (Torrey & Gray) Roemer, see footnote 14;

A. Botryapium (L. f.) Borkh.), In = 68, tall, erect, clump-forming shrubs

with the leaves heavily tomentose and only slightly developed at anthesis

manuals (such as Rehder). He
(L.) Medicus should be applie

called A. oblongijolia (Torrey «
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and the racemes compact, is largely restricted to noncalcareous habitats

on the Atlantic Coastal Plain from Georgia and Alabama to New England

and southern Quebec, occurring inland to western New York. Plants with

nearly entire leaves from the low pine barrens of southeastern Virginia

have been segregated as var. subintegra Fernald. In a study of A. arborea

(the identity of the plant studied should be checked since it is listed as

having pubescent ovary summits), A. laevis, and A. canadensis in the

Delaware River valley of New Jersey and Pennsylvania, Cruise found in-

termediates between A. laevis and A. arborea and between A. laevis and

A. canadensis, but not between A. arborea and A. canadensis; it was postu-

lated that A. laevis might have evolved as a result of introgression between

the other two species, and Cruise felt it appropriate to treat the entire

complex as a single variable species {A. canadensis).

Very similar to A. canadensis, and differing from it by the lower growth

habit, the often purplish coloring of the well developed and nearly glabrous

leaves at flowering time, the shorter and broader mature leaves, and the

more open inflorescences, A. intermedia Spach is a somewhat doubtful taxon

of often moist, calcareous habitats from Newfoundland to Michigan and

Minnesota south to New England, Virginia, and the uplands of North

Carolina. Amelanchier obovalis (Michx.) Ashe is a low stoloniferous

shrub with compact racemes of flowers that precede the initially densely

tomentose leaves. This species occurs in acid soils in dry, open pinelands,

pocosins, and low woods, chiefly on the Coastal Plain but also in the moun-

tains from Georgia and Alabama to South Carolina, North Carolina, inland

Virginia, and southern New Jersey and Pennsylvania.

Members of the second group of species in our area have the top of

the ovaries densely pubescent at anthesis, with some of the indumentum

persisting on the fruit. Amelanchier sanguinea (Pursh) DC, In = 34,

a moderately tall shrub (sometimes weakly surculose) with few stems,

reddish branches, coarsely toothed leaves, and lax, nodding inflorescences,

is found on various noncalcareous substrata along river banks or in rocky,

open woods or on slopes from southern Quebec to Thunder Bay District,

Ontario, south to New England, New York, northern Ohio. Michigan.

Wisconsin, Minnesota, and Iowa and disjunctly in the mountains of Vir-

ginia and North Carolina. Amelanchier stolonijera Wiegand, In = 34. 68,

a low stoloniferous shrub, with finely toothed leaves and dense, erect

racemes, occurs in dry, sterile, rocky or sandy, often acidic open areas

from Newfoundland to Thunder Bay District, Ontario, south to Nova

Scotia, New England, Long Island, Virginia, the Carohnas. Michigan, and

Minnesota. This species is often included, along with A. humdis \\ legand.

in A. spicata (Lam.) K. Koch, a name disallowed by Fernald (1946a) for

any North American shadbush (but Fernald's conclusion often has been

ignored or disputed). The name A. X spicata is now frequently used for

a commonly cultivated form that is probably a hybrid between A. canaden-

sis and A. ovalis Medicus.
,

Numerous interspecific hybrids have been reported in Amelanchier; ot
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the species in our area only A. alabamensis, A. intermedia, and A. obovalis

are not yet known to hybridize with others. Each of our five other species

ostensibly crosses with at least three species. Amelanchier X grandiflora

Rehder 15 (A. arborea X A. laevis), In = 68, perhaps the most beautiful

shadbush with the largest flowers, is commonly cultivated in Europe and

North America; in forma rubescens Rehder the flowers are pale purplish-

pink in bud and tinged with pink when fully open. Amelanchier alnifolia

(Nutt.) Nutt. and Pyrus scopulina (Greene) Longyear (Pyrus subg. Sor-

bus), both of the Pacific Northwest, have hybridized to produce X Amela-

sorbus Jackii Rehder, which has predominantly the floral characteristics

of Amelanchier.

In 1931, Sax wrote that all the species that had been studied up to

that time were diploids, while two hybrids were tetraploids. This gen-

eralization is occasionally quoted even today, but it is now quite incorrect,

since the majority of species are tetraploids. Higher levels of polyploidy

and aneuploidy are thus far unknown in Amelanchier.

Some of the variability in Amelanchier may be due partly to the same

phenomena that occur in Crataegus. As the land in eastern North America

was cleared, formerly isolated species expanded their ranges and were

able to interbreed, with the hybrid progeny competing more successfully

than the species in disturbed habitats. Certainly shadbushes found today

in recently cleared or burned areas often have perplexing combinations of

characters. However, unlike Crataegus, apomictic clones are not known
in Amelanchier. Jones vehemently dismisses the commonly accepted hy-

pothesis that hybridization regularly occurs between Amelanchier species

and has been a major force in the evolution of infrageneric taxa. Instead,

he speculates that "polyploidy may have played a more important part

in the differentiation of genera and species in this subfamily . . .
."

Amelanchier species and hybrids are frequently cultivated in temperate

regions for their graceful habit, the magnificent display of pure white

flowers in early spring, the often abundant and colorful fruits that mature

in mid-summer, and the fine shades of red or yellow the leaves assume

in autumn. One common name of the eastern North American species,

shadbush, comes from the fact that the plants are often in full bloom as

the shad (Alosa spidissima) begin to ascend the streams to spawn. The
fruits of all species, except A. arborea, are edible, but, because of their

small size, are used mostly as fresh supplements on hiking and camping
trips and in making jellies; many species of birds relish the mature fruits.

Pemmican, the preserved, pressed-cake food of American Indians, con-

tained dried buffalo or deer meat, fat, and saskatoon berries (the fruits

of A. alnifolia). It has been suggested that serviceberries could become a

major fruit crop in the basic soils of the Great Plains if a breeding pro-

gram similar to Covilles work with blueberries (Vaccinium spp.) were
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651-663. 1964. [A. canadensis. A. arborea, and A. laevis in New Jersey

Favarger, C., & P. Correvon. Mise en evidence de "races chromosomiques"

chez I'Amelanchier. Bull. Soc. Neuchateloise Sci. Nat. III. 90: 215-218.

pl. 6. 1967. [A. ovalis; plants in southern France are diploid, those at the

foot of the Jura Mountains near Neuchatel are tetraploid.]

Fernald, M. L. Another century of additions to the flora of Virginia (con-

tinued). Rhodora 43: 559-630. pis. 672-692. 1941. [Amelanchier in south-

eastern Virginia. 559-567, pl. 672; discussion on nomenclature of .4. cana-

. Amelanchier spicata not an American species. Ibid. 48: 125-129. pis.

1027-1030. 1946. [This taxon probably arose in the Jardin du Roi as a

cross between A. canadensis and A. ovalis.]

Hargrave, P. D. Seed germination of the saskatoon and pincherry. Sci. Agr.

Ottawa 17: 736-73''. 1"37. [Amelanchiei ihuudu. Primus pensylvanica.]

Harris, R. E. The genus Amelanchier. Jour. Roy. Hort. Soc. 95: 116-118. figs.

83-85. 1970.

Hooker, J. D. Amelanchier canadensis, Medic, var. oblongifolia. Torr. & Gr.

Bot. Mag. 124: pl. 7619. 1S98. [= A. canadensis.]

Jones, G. N. Malacomeles. a penus of Mexican and Guatemalan shrubs. Ma-

drono 8: 33-39. 1945. [-1/. nervosa and M. denticulata. species often in-

cluded in Amelanchier.]

. American species of Amelanchier. Illinois Biol. Monogr. 20: 1-126.

1946. [Reviewed by M. L. Fernald, Rhodora 48: 129-134. 1946. and by

R. McVaugh. Madrono 8: 237-240. 1946.]

Lindley, J. Amelanchier san-uinea. Bot. Regist. 14: pl. 1171. 1828.

. Amelanchier florida. Ibid. 19: pl. 1589. 1833.

Miller, \V. S., & C. Stushnoff. A description of Amelanchier species in re-

gard to cultivar development. Fruit Var. Hort. Dig. 25(1): 3-10. 1971.

Nielsen, E. L. A taxonomic study of the genu- Amelanchu r in Minnesota. Am.

Midi. Nat. 22: 160-206. 1939.

Sargent, C. S. Amelanchier. Silva N. Am. 4: 125-132. pis. 194-196. 1S92.

[A. canadensis - A. arborea: A. canadensis var. obovalis = A. obovalis;

A. alnifolia.]

Schroeder, F. G. Zur Nomenklatur in der Gattung Amelanchier (Rosaceae).

(English summary.) Taxon 17: 633. 634. 1968. [A. Lamarckii Schroeder.

. Amelanchier-Arten als Neophyten in Europa. Mit einem Beitrag zur
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So/ 1 1 C 1 chgesellschaften saurer Bbden. Abh. Naturw. Ver.

Bremen 37: 2S7-419. 1972.

Sprague. R., & F. D. Heald. A witches' broom of the service berry. Trans.

Am. Microscop. Soc. 46: 219-247. 1927. [A mold, Dimerosporium col-

linsii. is associated with the witches' broom of A. aimfolia:]

Stapf, O. Amelanchier oligocarpa. Bot. Mag. 139: pi. 8499. 1913. [= A. Bar-

Weatherby, C. A. Staminody of the petals in Amelanchier. Rhodora 18: 48.

49. 1916. [A. nantucketensis; in all specimens the petals were inrolled,

yellowish, and contained pollen.]

Weaver, R. E.. Jr. The shadbushes. Arnoldia 34: 22-31. 1974. [Includes key

to spp. most commonly cultivated in the northeastern U.S.]

WiECAM). K. M. The genus Amelanchier in eastern North America. Rhodora
14: 117-161. ph. 95, 96. 1912. [The first modern revision based on ex-

tensive field observations, the nomenclature now out of date; for correc-

tions and additions see ibid. 239-241 and ibid. 22: 146-151. 1920.]

. A taxonomist's experience with hybrids in. the wild. Science 81: 161-

166. 1935. [Includes discussion of Wiegand's work on Amelanchier]
Wright, P. H. Amelanchiers. Horticulture 51: 62, 63, 70. 1973.

21. Pyrus Linnaeus, Sp. PI. 1: 479. 1753; Gen. PI. ed. 5. 214. 1754.

Deciduous or rarely semi-evergreen shrubs (sometimes rhizomatous) or

small to medium-sized trees with slender to stout terete twigs; lateral

spurs sometimes produced; unarmed or with axillary spines; bark smooth,

longitudinally fissured, scaly, or forming plates; buds solitary, sessile,

ovoid, oblong, or subconical, acute or obtuse, terminal buds often much
larger than lateral ones; bud scales leaving prominent, narrow, semi-

circular scars; leaf scars low, elevated, or the nodes swollen below them,

and linear, crescent shaped, or U-shaped with 3 or 5 (rarely 7) bundle

scars. Leaves alternate, petiolate; blades conduplicate, convolute, or in-

volute in bud, simple, with serrate to dentate [or rarely entire] margins,

often lobed (the leaves of vegetative shoots more deeply lobed than those

of flowering branches), or imparipinnate with serrate-margined leaflets;

stipules small, deciduous, leaving no discernible scar. Inflorescences umbel-

like racemes terminating lateral spurs or few to many-flowered corymbs
terminating elongated shoots (the fruit seemingly axillary in subg.

Aronia), the flowers opening as the leaves expand or afterward; bracts

linear, caducous. Flowers small to large, perfect, 5-merous. Calyx with-

out an epicalyx, the lobes triangular, recurved or erect at anthesis, per-

sistent [or deciduous], imbricate in aestivation; floral tube funnelform,

campanulate, cup shaped, or urceolate at anthesis, adnate to the carpels.

Petals white to pink [reddish or yellowish], spreading [or erect], ± equal,

subcircular, broadly elliptic, or obovate with entire to crenate or erose

margins, slightly to distinctly clawed at the base, sometimes pubescent on

the adaxial surface, inserted at the edge of the floral tube, imbricate. An-
droecium of 15 to many stamens in one or several whorls; filaments free,

unequal or equal in length, inserted at the apex of the floral
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tube, a nectar ring either not obvious or prominent and surrounding or

covering the mouth of the floral tube; anthers red, purple, or yellow, de-

hiscing centrifugally or centripetally. Gynoecium of 2-5 carpels, abaxially

half to completely adnate to the floral tube (the ovaries half to completely

inferior) and adaxially and laterally half to completely connate; styles

as many as the carpels, distinct to connate for more than half their length,

often pubescent below, terminal on the aclaxial margins of the carpels,

persistent; stigmas discoid or in bands on the styles; each carpel with

2 (rarely more) erect, anatropous ovules on an adaxial and basal or

lateral, sometimes elevated, placenta, the micropyle inferior. Fruit a red,

yellow, green, purple, black, brown [or white] small to large, subglobose.

ovoid, obovoid, or pyriform pome, the bases and apices sometimes de-

pressed; carpels ± adhering together, the loculi with cartilaginous, mem-

branaceous, or leathery [rarely almost stony] walls and surrounded by

the enlarged, fleshy or mealy floral tubes, grit cells absent or abundant.

Seeds one or two per carpel; testa membranaceous, smooth or with fine.

longitudnal striations; endosperm essentially absent; embryo erect, the

cotyledons plano-convex, the radicle short, straight, inferior. (Including

Mains Miller. Sorbus L., and Aroma Medicus.) Lkctotvpe species: P.

communis L.; see N. L. Britton, N. Am. Trees, 429. 1908. (Classical

name of the pear tree; the spelling is often altered to Pirus. which is lin-

guistically preferable but nomenclaturally unacceptable.)

A complex genus of perhaps 125 species in four subgenera of the North

Temperate Zone. Although often treated as four distinct genera, it be-

comes exceedingly difficult to draw mutually exclusive generic limits when

the group is examined on a world-wide basis. Additionally, all the sub-

genera, except subg. Malus, freely hybridize. About sixteen species are

indigenous and six exotic species are adventive or naturalized in North

America; ten (including three introduced) occur in our area.

Subgenus PyruS {Pyrus L. of many authors; sect. Pyrophorum DC),

pears/ is composed of 'species with simple leaves involute in bud; large

whitish flowers in few-flowered cymes that terminate short, lateral spurs:

free styles; reddish anthers; and (in ours) pyriform fruits containing nu-

merous grit cells. Pyrus communis L.,
16 the only representative oi this

subgenus in our area has occasionally escaped from cultivation and be-

come naturalized in thickets, fence rows, and clearings and along roadsides

and the edges of woods in many regions of the United States. This 'spe-

cies" is now thought to be of hybrid origin with numerous European

species in its genealogy, and it is known only in or as an escape from

cultivation. According to Fernald, P. Pyrijolia (Burm. f.) Nakai has

spread from cultivation in southeastern Virginia; thus far this native of

eastern Asia is not known to be adventive in our area.
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The subgenus, often divided into four sections, contains more than

thirty species distributed throughout most of temperate Eurasia. There
are two morphologically. «v(^ .-. Y. :tlb . md perhaps ecologically distinct

groups. The occidental pears (calyx persistent, pedicels fleshy, fruits pyri-

form) occur in western Eurasia from Turkestan to northern Africa and
southern and western Europe, with the greatest diversity in Caucasia and
the lands adjoining the western Mediterranean. The oriental pears (ca-

lyx deciduous, pedicels not fleshy, fruits subglobose) are plants of eastern

Asia, from the Tien Shan and Hindu Kush to China, Korea, Japan, and
Taiwan. They are particularly diverse in Yunnan and Hupeh provinces,

China. Pyrus Pashia D. Don, of the Himalayas, is intermediate in mor-
phology between the eastern and western groups. No species of this sub-

genus is native to the New World or to the Southern Hemisphere.

Pyrus communis hybridizes with P. Aria (L.) Ehrh. of subgenus Sorbus
to produce what has been called X Sorbopyrus auricularis (Knoop) Schnei-

der. The intergeneric hybrid between P. communis and Cydonia oblonga
Miller is known as X Pyronia Veitchii (Trabut) Guillaumin. Graft-

chimaeras between these two species are given the "generic" name +
Pirocydonia H. Winkler ex Daniel. A presumed graft-chimaera between
Crataegus and Pyrus is + Pyrocratacgus Daniel (C. Oxyacantha + P.

All species of subgenus Pyrus that have been examined cytologically

are diploid with 2n = 34; polyploidy and aneuploidy are known only in

cultivars. The study of Zielinski & Thompson (1967) supports Sax's

theory on the allopolyploidy origin of the base number of a = 17 in the

Maloideae (see subfamily account).

Several studies have shown that species of this subgenus are largely

self-incompatible. Zielinski (1965) found that Pyrus Fauriei Schneider
(a native of Korea) is quite self-compatible, but two clones of this species

were reported by Westwood & Bjornstad to be self-incompatible but cross-

compatible. According to Griggs & Iwakiri, the commonly cultivated

'Bartlett' pear (called 'Bon Chretien William' in other countries) is largely

sterile and does not set seed unless pollinated by pollen from other varieties,

although seedless, parthenocarpic fruit are produced in the absence of

cross-varietal pollination. Again, Westwood & Bjornstad were in con-

tradiction, saying that the tetraploid 'Bartlett' was highly self-fertile.

Interspecific sterility barriers are seemingly poorly developed in subg.

Pyrus, since numerous hybrids are reported in the literature. Most of

fifty-five interspecific crosses made by Westwood & Bjornstad were fertile.

Apomixis is thus far unknown in this subgenus.
Subgenus Malus (Miller) Pers. (Malus Miller; lectotype species: Malus

Malus (L.) Britton = P. Malus L., see N. L. Britton, N. Am. Trees, 430.

1908), apples, with the leaves simple and involute, conduplicate, or con-

volute in bud, the flowers large, pink or reddish (at least in bud) and in

few-flowered cymes that terminate short lateral spurs, the styles connate,

the anthers yellow or red, and the fruits subglobose and usually lacking
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grit cells, includes perhaps thirty species in five sections in temperate

Eurasia and eastern and western North America. Two sections are repre-

sented in the southeastern United States ; the other three, which are largely

Asiatic, present taxonomic problems critical in generic delimitation (cf.

Browicz, Huckins).

Section Malus S. F. Gray (Malus sect. Calycomeles Koehne; Mains
sect. Eumalus Zabel) is composed of about ten species of Eurasia (Japan

to the British Isles), with the greatest diversity in the region from Cau-

casia to the Hindu Kush and Tien Shan. The leaves are unlobed and invo-

lute in bud, the anthers are yellow, and the ovary is completely inferior

and fused throughout its length to the fleshy floral tube. Pyrus Malus
(Malus pumila Miller), the cultivated apple, probably of hybrid origin,

persists after cultivation and evidently is reproducing from seed in many
areas of the United States. Two Asiatic members of this section, P. pruni-

folia Willd. and P. baccata L., have spread from cultivation in eastern

North America, but are not yet known to occur in our area.

Section Chloromeles (Decaisne) Robertson 17 (leaves conduplicate

in bud, those of at least the vigorous shoots lobed; anthers reddish; apex

of ovary in fruit pointed and free from the floral cup) is restricted to the

eastern United States and adjacent Canada and includes our native crab

apples. Although quite distinct from other sections of subg. Malus. this

section is very plastic, its members being particularly variable in leaf

shape and degree of lobing, indumentum density, and fruit size. Yet. it

is on the basis of these characters that nine species and numerous varieties

have been recognized. The situation evidently has also been complicated by

hybridization and perhaps introgression among the native crabs and

between them and the cultivated apple. Until the taxonomy of the group

has been more thoroughly studied, it seems best to recognize only three

variable species and two named hybrids.

Pyrus angustifolia Aiton {Malus angustijolia (Aiton) Michaux; M.

bracteata Rehder), the southern or narrow-leaved crab, is a spinescent

shrub or small tree with abaxially glabrous or glabrescent calyx lobes and

lanceolate to narrowly elliptic leaves with obtuse or short-mucronate apices.

In the southern part of its range, it may be evergreen or semi-evergreen.

The leaves of the flowering spurs are entire to serrate while those of rapidly

growing vegetative branches are broader, much larger, and coarsely toothed

or lobulate. Most abundant on the Coastal Plain from New Jersey to

Florida, Louisiana, and southeastern Texas, P. angustijolia also occurs in-

land to Tennessee, Kentucky, and southeastern Missouri. Pyrus coronaria

L. (Malus coronaria (L.) Miller, M. jragrans Rehder, M. glabrata Rehder,

17 The proper combination under Pyrus does not appear to have been made pre-

viously for this section Pyrus L. sect. Chloromeles (Decaisne) Robertson, comb,

nov. Malus Miller subg.' Chloromeles Decaisn Nat. Paris 10

:

155. 1874; Chloromeles (Decaisne) Decaisne, Fl. des Serres 23: 156. 1881; Malus

subsect. Coronariae Rehder in Sargent, Trees Shrubs 2: 142. 1911; Malus sect. Chloro-
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M. glaucescens Rehder, M. lancijolia Rehder), wild or sweet crab, dis-

tinguished by abaxially glabrous calyx lobes and broadly lanceolate to

broadly ovate leaves with acute to acuminate apices, has a more northerly
distribution, occurring from central New York to Wisconsin and southern
Ontario, south to upland North Carolina, Tennessee, and Missouri. The
leaves of the vegetative branches of this and the following species are
usually distinctly lobed. In Pyrus ioensis (Wood) Bailey (Mains ioensis

(Wood) Britton), Iowa or Bechtel crab, the calyx lobes and floral tubes
are densely tomentose and the leaves are persistently pubescent below.
This species enters our area only on the west, ranging from Indiana to

Minnesota south to Kentucky, Louisiana, and the Edwards Plateau of
Texas. The sweetly fragrant flowers of the eastern crab apples are pink
in bud, becoming nearly pure white at anthesis, and finally turning dark
pink or rose with age. At maturity the fruits are two to three centi-

meters in diameter, greenish yellow, with a fragrant, waxy coat and a tart,

acidic taste.

Hybrids between the cultivated apple and the native eastern crabs
have generally unlobed or weakly lobed leaves and fruits suffused to vary-
ing degrees with red and larger than 5 cm. in diameter. Pyrus Mains
crosses with P. angustijolia and P. coronaria to produce P. X platycarpa
(Rehder) Bailey, pro. sp., while hybrids of P. Malus and P. ioensis are
called P. X Soulardii Bailey, pro. sp.

Subgenus Malus does not have the uniformity of chromosome number
found in subgenus Pyrus. Diploid, triploid, and tetraploid species occur
in the subgenus; pentaploidy, hexaploidy, and aneuploidy apparently
exist only in cultivars and interspecific hybrids. Many of the reports are
from cultivated material of doubtful identity, and possible correlations
between chromosome number and the classification of the subgenus are
uncertain. A thorough cytological study of our native crab apples seems
in order, since their reported sporophytic chromosome numbers are: P.

>Ha, 34, 51, 68; P. coronaria, 51, 68; P. ioensis, 34; P. X platy-
carpa, 51, 68; and P. X Soulardii 34

There
i numerous reports in the literature on reprodu

mahties of apples. Unreduced gametes evidently are produced rather
frequently, and, although the role of such gametes in nature is a matter
of conjecture, they have been of considerable importance in the production
of new polyploid cultivars. Apomixis occurs in several species of sects.

Malus and Sorbomalus. In most cases the plants are ostensibly faculta-
tive apomicts, with the embryo sacs developing from unreduced megaspores.
The triploid P. hupehensis Pamp. is almost an obligate apomictic with the
embryo sacs produced aposporously ; the aposporous egg cells are occa-
sionally fertilized by pollen from other species, giving rise to hybrids of
a higher polyploid level. Pseudogamy also occurs in this subgenus.

Interspecific hybridization is common within subgenus Malus. Species
of sect. Chloromeles cross with members of sect. Malus but not with
those of sect. Sorbomalus; hybrids between sects. Malus and Sorbo-
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The cedar-apple rust-fungus {Gymnosporangium juniperi-virginianac) is

endemic to eastern North America and is remarkable for the correlation

between its hosts and their taxonomic relationships. All species of Pyrus

sect. Chloromeles harbor the spermogonial and aecial stages of the

fungus (only P. Malus, P. fusca, and possibly P. communis and P. glauca

are other such hosts), and all hosts of the telial stage belong to Juniperns

sect. Sabina (with the exception of the doubtful host /. communis).

Subgenus Sorbus (L.) Reichenb. (Sorbus L.; lectotype species: Sorbus

Aucuparia L. = Pyrus Aucuparia (L.) Gaertner; see A. Rehder, Bibliogr.

Cult. Trees Shrubs, 252. 1949, and G. K. Brizicky, Jour. Arnold Art). 49:

502-508. 1968 18
), mountain ashes, encompasses more than eighty species

(in five sections) of the temperate regions of the Northern Hemisphere.

The species that approach members of the other subgenera of Pyrus mor-

phologically make it difficult to define this variable group concisely. In

subg. Sorbus the leaves are simple or odd-pinnate and conduplicate, con-

volute, or involute in bud; the flowers are smallish and in many-flowered

compound corymbs terminating short or long shoots (inflorescences rare-

ly on short, woody spurs); the anthers are yellow or red; and the fruits

are small to large, globose, ovoid, or pyriform pomes with grit cells

either absent or abundant.

Perhaps eight species occur in North America: Pyrus americana (Mar-

shall) DC. is restricted to the eastern part of the continent; two species

occur in Greenland, as well as on the American mainland; three species

and five varieties are native to western North America; P. sambucijolia

Cham. & Schlecht., an Asiatic species, extends to the westernmost Aleu-

tian Islands; and P. Aucuparia is introduced from Europe. All these

species belong to sect. Sorbus (L.) S. F. Gray {Aucuparia Mcdicus. nom.

illegit.; Sorbus sect. Aucuparia K. Koch; Sorbus subg. Aucuparia Ko-

vanda; Sorbus sect. Eusorbus Boiss.) (leaves imparipinnate, ovary of 2

to 4 or rarely 5 carpels that are only basally connate), a holarctic group

with a particularly large number of species in western Asia.

Pyrus americana (Sorbus americana Marshall; P. microcarpa (Pursh)

DC), In = 34, American mountain ash. rowan-tree, or missey-moosey,

occurs primarily in moist woods from Newfoundland and Cote Nord. Que-

bec, to northeastern Minnesota, southward to northern Illinois, Pennsyl-

vania, and New Jersey, and extending in the mountains to Virginia, Tennes-

see, the Carolinas, and Georgia. A related species, P. decora (Sargent)

Hvland. In = 34, with villous, rather than glabrescent, inner bud scales

and broader, less acute, firm leaflets, has a more northern distribution

ranging from southern Greenland and Labrador to northern Ontario and

southeastern Manitoba, south to Nova Scotia, northern New England

New York, Ohio, Indiana, Iowa, Wisconsin, and Minnesota. Restricted

to alpine or subalpine regions in southern Greenland, coastal Labrador.

Newfoundland, the Gaspe Peninsula, and the mountains of northern New

-Bri-cky* argument that, since 5.,^ domesjica L.does^ agree with the
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England, P. groenlandka (Schneider) Robertson, 19 In = 68, is distin-

guished from P. decora by the membranaceous leaflets that taper from
near the middle to a prolonged acumination. Love & Love hypothesized
that this species is an allopolyploid between P. amerkana and P. decora.

Pyrus Aucuparia, 2n = 34, a small tree with permanently pubescent
branchlets, leaflets, and peduncles, and with bright orange fruit, has
spread from cultivation and become naturalized in many parts of Canada
and the northern United States (see Hulten, 1971, under family references).

Thus far this species, the widespread European parallel of P. amerkana,
is not known to be adventive in our area.

The other sections of subgenus Sorbus are sect. Cormus (Spach) Rob-
ertson,20 with Pyrus Sorbus Gaertner (Sorbus domestka L.; Pyrus do-
mestka (L.) Smith, non Medicus), of southern Europe and northern
Africa; sect. Aria (Pers.) DC. (Sorbus subg. Aria Pers.; S. sect. Aria
(Pers.) Dumort.; Hahnia Medicus), a taxonomically difficult group of

about 35 species that is particularly diverse in Caucasia; sect. Torminaria
DC. (Sorbus sect. Torminaria (DC.) Dumort.; Sorbus subg. Torminaria
(DC.) K. Koch), with P. torminalis (L.) Ehrh., of southern, western, and
central Europe, and northern Africa; and sect. Chamaemespilus (Medi-
cus) Lindley (Chamaemespilus Medicus; Sorbus subg. Chamaemespilus
(Medicus) Koch; Sorbus sect. Chamaemespilus (Medicus) Schauer), with
P. Chamaemespilus (L.) Ehrh. in the mountains of central and southern

Interspecific barriers to hybridization are weakly developed in some
species of subg. Sorbus. Pyrus amerkana crosses with P. Aucuparia and
P. Aria (L.) Ehrh., of this subgenus, and with P. floribunda and P. melano-
carpa, of subg. Aronia (see discussion under subg. Aronia for other
hybrids between these two subgenera). Pyrus Aria also hybridizes with
P. communis of subg. Pyrus. Hybrids occur between members of sect.

Aria and sects. Sorbus, Torminaria, and Chamaemespilus, but mem-
bers of the last three sections do not interbreed. Pyrus Sorbus (sect.

Cormus) rarely crosses with other species. An intergeneric hybrid is X
Amelasorbus Jackii Rehder (Amclanchier florida Lindley X Pyrus scopu-
lina (Greene) Longyear). Kovanda (1961) mentions hybrids between
members of subg. Sorbus and Crataegus, Cotoneaster, and Mespilus. It

is interesting that most of the known intergeneric and intersubgeneric hy-
brids have arisen spontaneously in nature, botanical gardens, or nurseries;
attempts to make such hybrids artificially often fail.

Subgenus Sorbus is taxonomically difficult in Europe and has been
studied in some detail in Scandinavia and the British Isles. There are four

"
1B Pyrus groenlandica (Schneider) Robertson, comb. nov. Sorbus amerkana

dica Schneider, Bull. Herb. Boiss. II. 6: 314. 1906. Sorbus
decora var. groenlandica (Schneider) Jones; Pyrus decora var. groenlandica (Schnei-

imdder) Love & Love.
pyrui L

-
sect- Cormus (Spach) Robertson, comb. nov. Cormus Spach, Hist.

-: 96. 1834. Sorbus sect. Cormus (Spach) Boiss.; S. subg. Cormus (Spach)
Ducnarte; 5. subg. Sorbus Kovanda; Pyrus b. Cormus Ascherson & Graebner.
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wide-ranging, diploid, sexually reproducing primary species: Pyrus Aria,

P. Aucuparia, P. torminalis, and P. Chamaemespilus (P. Sorbus is also

diploid but is evidently not involved in the evolution of the numerous

biotypes). It has been hypothesized that diploid and partly sterile hy-

brids were produced between P. Aria and the other three species, and

allotetraploids were formed from these F x hybrids. In some instances,

autotetraploids were derived from the diploid species, and triploid plants

resulted from crosses between diploids and tetraploids. Individual polyploid

plants can be apomictic, and, since some are only facultatively so, back-

crossing with either parental species (or with another species not in the

hybrid's genealogy) is possible. This evolutionary pattern is remarkably

similar to that postulated by Babcock & Stebbins for the western North

American species of Crepis (see discussion in Liljefors, 1955, p. 105).

Subgenus Aronia Reichenb. (Aronia Medicus, nom. cons, prop., non

Mitchell; type species: Mespilus arbutijolia L. = Pyrus arbutijolia (L.)

L. f.: Pyrus sect. Adenorachis DC; Adenorachis (DC.) Nieuwland),

chokeberries, comprises three closely related species of eastern North

America that are shrubs with finely serrate leaves with numerous glands

along the upper midrib, smallish flowers in simple to more or less com-

pound inflorescences that generally terminate long shoots (these shoots

may branch sympodially and the inflorescences then appear to be axillary),

and small, berrylike fruits. The three taxa of subg. Aronia have been

treated variously as three species, one species with three varieties, or two

species with one of them having two varieties. The group is often con-

sidered a distinct genus or placed under Sorbus L.

Pyrus arbutijolia (Aronia arbutijolia (L.) Ell.; Sorbus arbutijolia (L.)

Heynhold), In = 34, 68, a shrub with reddish, long-persistent fruits,

glandular calyx lobes, dull green leaves that turn red in autumn, and

tomentose branchlets, pedicels, and lower leaf surfaces, ranges from

Florida, Georgia, Alabama, Mississippi, Louisiana, and eastern Texas

northward to New York, New England, and Newfoundland. In our area

this species is most frequently encountered on the Coastal Plain in low

woods, swamps, bogs, thickets, savannahs and damp pine barrens. Usu-

ally a rhizomatous shrub one to three meters high, some individuals may

be small trees to six meters in height, and dwarf forms of bogs, pine bar-

rens and subalpine regions are few stemmed and less than a half meter tall.

Several varieties and forms based on habit, leaf size, and indumentum

density have been described; these need to be studied.

Pyrus melanocarpa (Michaux) Willd. {Aronia melanocarpa (Michaux)

Ell.; A. nigra Koehne; Sorbus melanocarpa (Michaux) Heynhold), In =

34, 'is usually shorter than the above species and can be recognized by

the black, short-persistent fruits, somewhat glandular calyx lobes, lustrous

leaves that mostly turn brown in autumn, and mostly glabrous branches

and leaves. This species occurs in similar or drier habitats from New-

foundland to northwestern Ontario and Minnesota southward to New

England, Virginia, the Carolinas, Georgia, Tennessee, northwestern Ala-

bama and Kentucky; in our area it is most i the Piedmont.
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Figure 10. Pyrus subg. Aronia. a-j, P. arbiitifolia: a. tip f branchlet with

r buds, X 2; c,

flower bud, petals imbricate, < 5; d. ilower 3 ; e, flower in \

show placentation and insertion of petals and stamens, X 5; : ,
fruit, note per-

sistent calyx h, les, 3: g, fruit in vertlcal section, seed

of floral cup andon left in section, dotted . reen tissues

i, seed, oriented

as in fruit. X 6; j, embryo, oriented as in seed, X 6.

Pyrus floribunda Lindley {Aronia frunifolia (Marshall) Rehder; A.

atropurpurea Britton; the proper combination under Sorbus does not ap-

pear to have been made) is similar to P. arbiitifolia, differing by its purple,

long-persistent fruits, mostly eglandular calyx lobes, and moderately

pubescent vegetative parts. It is found in similar habitats from New-

foundland, southward to New England, Virginia, North Carolina, Georgia,

and Florida, west to Ontario (Algome District). Michigan, Indiana, Ken-

tucky, Tennessee, Alabama, and Missouri. This plant, clearly intermediate

between P. arbutijolia and P. floribunda, has been considered to be either

a distinct species or a variety of each of the others. Hardin, in an excel-

lent review of the chokeberries (which he recognized as the genus Aroma),

concluded that A. prunijolia is of hybrid origin "by means of ancient as

well as current hybridization and introgression . .
." Evidence was pre-

sented by Hardin that agamospermy probably occurs in P. floribunda, and
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this "could effectively stabilize the hybrid forms, and aid the distribution

beyond the zone of sympatry of the parental species." Hardin preferred

to recognize only A. arbutifolia and .1. melanocarpa including A. pruni-

folia {P. fioribunda) in the latter species.

Because the species of this subgenus are so variable and closely related,

interspecific hybrids are difficult to detect; Fernald lists a hybrid between

Pyrus fioribunda and P. melanocarpa. There are numerous intersubgeneric

hybrids between subgenera Aronia and Sorbus (when these are maintained

as genera, such hybrids have the name X Sorbaronia Schneider) ; Pyrus ar-

butifolia crosses with P. Aucuparia and with /'. Aria; P. fioribunda with P.

americana, P. Aucuparia, and P. decora; and P. melanocarpa with P. ameri-

cana, P. Aucuparia, and P. Aria. In these hybrids, the stamens are pinkish,

the leaves have glands on the upper midrib, and, if either P. americana, P.

Aucuparia, or P. decora is one of the parents, the leaves are partly pin-

nate; in addition, the plants are somewhat sterile and meiosis is irregular.

Pyrus is of considerable economic importance. Pears and apples are

major fruit crops in temperate regions and are consumed fresh, dried, or

canned or converted into juice (unfermented or fermented), jelly, or puree.

Numerous species of pears, apples, mountain ashes, and chokeberries are

widely grown as ornamentals for both their abundant flowers and color-

ful fruits. Although not a major timber crop, the wood of the arborescent

species is used in musical instruments and tool handles. Apple wood is

prized for golf-club heads. A homeopathic treatment has been made from

the astringent inner bark of P. Aucuparia. During the winter months, the

fruit of the native and introduced species is a primary food for many

kinds of animals, especially birds.
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shrubs with simple leaves, carpels inserted at the base of, but free from

the floral cup, drupaceous, 1 -seeded fruits, and a base chromosome num-

ber of eight. Osmaronia, because of its flowers with usually five carpels

and seeds with folded cotyledons, is sometimes separated as tribe Osmaro-
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Deciduous or evergreen trees or shrubs, sometimes producing root

sprouts; bark, twigs, and leaves with smell and taste of bitter almond
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due to presence of cyanogenic glycosides; bark initially reddish-brown,

thin, smooth, easily peeled off in layers, remaining that way or breaking

into scaly plates, the lenticels pale, usually elongating transversely;

branches sometimes spinescent; buds solitary or 3, terminal one present

or absent, the bud scales several, imbricate, the inner ones colored, ac-

crescent. Leaves simple, often glossy above, convolute or conduplicate in

bud, petiolate, the margins usually serrate, sometimes entire or spine-

toothed; prominent, variously sized and shaped glands usually occurring

on petioles or at base of leaf blades; stipules paired, free from the petiole,

small, early deciduous; leaf scars elevated, with 3 vascular traces. Flow-

ers 5-merous, mostly perfect, in racemes terminating shoots of the season,

in racemes from axils of leaves of the previous season, in corymbs or

umbels from branchlets of the previous season (appearing before or with

the leaves), or solitary and sessile or stalked. Calyx ebracteolate. the

lobes triangular, imbricate in bud; floral tube campanulate, tubular, ur-

ceolate, or cup shaped, usually circumscissile deciduous; disc lining the

floral tube, thin, often colored. Petals white to pink, spreading, quickly

falling, orbicular to elliptic, the margins entire or erose, the bases short

clawed, inserted at the outer edge of the floral tube [petals indistinguish-

able from calyx lobes in some species of subg. Laurocerasus ] .
Stamens

usually 15-20 (10-80) in two or more whorls and in multiples of 5, peri-

gynous at the outer edge of the floral tube; filaments filiform, exserted,

the inner shorter than the outer; anthers small, dorsifixed. Gynoecium of

one carpel inserted at the base of, but free from, the floral tube; ovary

glabrous to densely pubescent; style terminal, elongated; stigma capitate,

discoid, or emarginate; ovules 2, pendulous, the micropyle superior. Fruit

a 1 -seeded drupe, sometimes sulcate and/or glaucous, the mesocarp fleshy

and indehiscent to dryish and dehiscent, usually edible, the endocarp

hard, indehiscent. nearly globose or compressed, smooth or textured; seed

filling stone the coat membranaceous, the radicle superior. Base chromo-

some number 8. (Including Amygdalus L., Armeniaca Duh., Cerasus Mill.,

Laurocerasus Duh., Padus Mill.. Persica Duh.. and Pygeum Gaertn.)

Lectotype species: P. domestka L., see Britton, N. Am. Trees. 480. 1908.

(The ancient Latin name of the Plum.) — Plum, cherry, peach.

abundant in North America, eastern Asi

rope. Unlike most Rosaceae, Prunus is well represented

and tropics, and the distribution of the genus extends southward in the

Old World through Malesia to northern Queensland and in the New World

through Central America to Chile and Brazil. The species fall into sev-

eral reasonably distinct groups that are often treated as genera. How-

ever when studied on a world-wide basis, the morphological discontinuities

between the groups decrease.
logical to recognize

only one inclusive genus with several subgenera (see discussions I

Vaugh and Kalkman).

Several systems of subgeneric classifications have been proposed (s<
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enumeration in McVaugh), and there is no general agreement as to how
many subgenera or sections should be recognized, how these should be de-
limited, or what species to include in each. The genus was studied ex-
tensively by Koehne, but his classification schemes do not seem to reflect
natural relationships well. The basic system proposed by Rehder, in
which five subgenera and twelve sections are recognized, is perhaps the
one most widely used today. About thirteen species representing four sub-
genera are indigenous to the southeastern United States; a number of ex-
otic species are cultivated, and some of these persist or escape.

Subgenus Padus (Miller) Focke (leaves deciduous, conduplicate in bud;
inflorescences many-flowered racemes terminating leafy shoots of the
current year) includes about 20 species mostly of Eurasia, especially
China and Japan, with two species in the Americas. Prunus serotina Ehrh.,
2n = 32, black cherry, is a variable species that occurs from Florida to
Arizona, Mexico, and Guatemala northward to Nova Scotia, New Bruns-
wick, southern Quebec, southern Ontario, Minnesota, and North Dakota;
it has escaped from cultivation in Central and South America and in
Europe. This species has been reviewed by McVaugh, who recognizes
five subspecies, two of which occur in our area: subsp. serotina (eastern
North America west to Lake Superior, the Dakotas, and eastern Texas;
disjunct in Mexico and Guatemala) and subsp. hirsuta (Ell.) McVaugh
(Alabama and Georgia; including P. alabamensis Mohr, P. Cuthbertii
Small, and perhaps P. australis Beadle). Subspecies eximia (Small) Mc-
Vaugh occurs on the Edwards Plateau and the Belcones Escarpment of Tex-
as; subsp. virens (Wooton & Standley) McVaugh ranges from Trans-Pecos
Texas to Arizona, south to Baja California and Mexico; and subsp. Capuli
(Cav.) McVaugh, capulin, is from the highlands of southern Mexico and
Guatemala (introduced farther south). The wood of Prunus serotina is

pale reddish-brown (sapwood yellow), close-grained, light, fairly hard
and strong, and has working qualities that make it one of the finest
cabinet woods of temperate North America, second only to black walnut
(Juglans nigra).

Prunus virginiana L., 2n = 32, choke cherry, occurs from Newfound-
land to Saskatchewan south to North Carolina, Tennessee, Missouri,
Kansas, Oklahoma, and Texas; also in the West from the Dakotas to New
Mexico and west to California and British Columbia. Three varieties
can be recognized (see Hitchcock et al., family references); plants in
eastern North America belong to var. virginiana. Prunus serotina and P.

are quite similar in many ways; closer examination shows nu-
merous differences, and they have been placed in different sections.
Plants of P. serotina can be large trees 30 m. tall with trunks 2 m. in
diameter (most large ones now logged), the bark is aromatic, the leaves
are narrow, tapering ovate, shiny above, and crenate-serrate with callous
teeth, the calyx lobes are acute, and the floral cups persist below the nearly
black drupes. Prunus virginiana is a shrub or small tree with nonaromatic
bark, leaves that are obovate or broadly elliptic, dull above, and sharply
serrate, obtuse calyx lobes, circumscissile dehiscent floral cups, and deep
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red or purple fruits. Primus Padus L., European bird cherry, with larger

flowers, adaxially pubescent floral cups, and strongly sculptured stones,

is cultivated in our area, but it is not known to be naturalized.

Subgenus Laurocerasus (Duhamel) Rehder (plant evergreen, leaves

often entire; racemes usually solitary in axils of leaves of the previous year,

the peduncles leafless) is composed of about 75 species mostly of

tropical Asia and tropical America with a few species in southern Europe

and southern North America; two species occur in our area. Kalkman re-

cently reviewed the Asiatic members, noting that all American species

could be placed in one distinct, unnamed section. Prunus caroliniana

(Miller) Aiton, In = 32, Carolina cherry laurel, is found on the outer

Coastal Plain from southern North Carolina to midpeninsular Florida

westward to eastern Texas (reported from Bermuda by Sargent). Plants

are evidently rare in nature, but the species is commonly cultivated in

the southern United States as a specimen tree or trimmed to a hedge.

Prunus myrtijolia (L.) Urban (P. sphaerocarpa Sw.), West Indian cherry,

is found in pinelands and hammocks in southern Florida; it is widely dis-

tributed in tropical America, ranging from Florida and the Bahama

Islands to the Greater Antilles, Montserrat, Trinidad and Tobago, and

Mexico to Brazil. Both P. caroliniana and P. myrtijolia can have func-

tionally staminate flowers at the base of the racemes. Two species of this

subgenus are cultivated in our area, P. Laurocerasus L., In = 144, 170-

180, cherry laurel, and P. lusitanica L., In = 64, Portugal laurel. Native

to California and Baja California are P. ilkijolia (Nutt. ex Hooker &

Arn.) Walp. and P. Lyonii (Eastw.) Sargent.

Subgenus Cerasus (Miller) Focke (flowers solitary or in few-flowered

corymbs often on short, lateral shoots; fruits not sulcate, glaucous, or

pubescent, the stone globose or ovoid, mostly smoothish), cherries in-

cludes numerous species of temperate Eurasia and North America; Rehder

recognized seven sections. Two species occur indigenously in the south-

eastern United States, and several others are cultivated, sometimes be-

coming naturalized. Prunus pumila L., (including P. cuneata Raf., P.

susquehanae Willd., and P. Besseyi Bailey) In = 16, sand cherry is a

variable species that occurs mostly in sandy or rocky situations from New

Brunswick to Manitoba and North Dakota southward to Delaware, North

Carolina, Indiana, Wisconsin, Kansas, Colorado, and Wyoming; it has

recently been reported from Arkansas (Gary Tucker, Arkansas Polytechnic

College, personal communication). Prunus pensylvamcaU i 2n = 16

bird- pin , or fire-cherry, occurs from Labrador to British Columbia south

to Virginia the mountains of North Carolina and Tennessee, Illinois, Iowa,

South Dakota, Colorado, and Montana; this is a pioneer species ir.re-

cently burned or cleared areas. Reportedly escaped rom cultivation m

our area are P Avium L 2n = 16, sweet cherry (the commonly sold

'Bing' cherry is a cultivar'of this species), P. Cerasus;L 2* = 32 sour

cherry, and P. Mahaleb L., In = 16, Mahaleb or perfumed cherry, all of

southern Europe and western Asia.

Subgenus Prunus [Prunophora Focke] (flowers solitary or in few-
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flowered umbels from axillary buds on growth of previous years; fruit

sulcate, glaucous or pubescent, the stone compressed) includes about 30

species of Eurasia and North America. The wild plums of North Ameri-

ca constitute a distinct section, sect. Prunocerasus Koehne (flowers

usually three or more, fruit not pubescent, stones smoothish); seven of

the fourteen species occur in the southeastern United States. Prunus

americana Marsh., 2n = 16, wild plum, occurs from northern Florida

west at least to Arkansas, northward to New England, southern Ontario,

Wisconsin, and Manitoba. Plants from the southern part of the range

westward to Texas and northern Mexico have the leaves pubescent below

to varying degrees, the plants evidently do not often produce root suckers,

and the fruit is bluish to purple-red; these plants perhaps are best placed

in P. mexicana S. Watson (including P. lanata auct., not Sudw., P.

americana var. lanata auct., P. arkansana Sarg., P. Palmeri Sarg., P.

reticulata Sarg., and P. tenuijolia Sarg.), big-tree plum, Mexican plum.

These two species need to be studied in detail to ascertain their distinctive-

ness and distribution (see Correll & Johnston, Man. Vase. Pi. Texas;

Steyermark, Fl. Missouri; Shinners). Prunus angustijolia Marsh., In -

16, Chickasaw plum, ranges from central Florida to Texas, northward to

Maryland, Delaware, and Arkansas; P. geniculata Harper, from central

Florida, is probably a depauperate form of this species.

The other species of sect. Prunocerasus in our area are Prunus gra-

cilis Engelm. & Gray, Oklahoma plum (Arkansas, Oklahoma, and Texas)

;

P. hortulana Bailey, In = 16, wild goose plum (southern Indiana to Iowa

southward to western Tennessee, northern Alabama, Missouri, Arkansas,

and Oklahoma); P. Munsoniana Wight & Hedrick, In = 16, wild goose

plum (Ohio, Kentucky, and Tennessee to Louisiana, Kansas, Oklahoma,

and Texas) ; and P. umbellata Ell. (including P. injuncta Small, P. mitts

Beadle and P tarda Sarg.), hog or flatwood plum, black sloe (southern

North Carolina, South Carolina, Georgia, Florida, Alabama, Mississippi,

and southern Arkansas). Numerous varieties of plums have been derived

in recent years from the native American species, although it is difficult

to judge how important these are commercially.

Old World species cultivated in the southeastern United States include

Prunus domestica L, In = 48, plum, P. insititia L., In = 48, bullace,

damson plum, P. cerasifera Ehrh, In = 16, cherry plum, P sfnnosa L.,

In = 32, sloe, all of subg. Prunus sect. Prunus; P ArmemacaL

apricot, in = 16, of subg. Prunus sect. Armeniaca (Lam) W. D J

Koch; and P. Amygdalus Batsch, In = 16, almond and P. Perstca (L.)

Batsch, In = 16, peach, nectarine. Only the last species is known to be

naturalized in our area.

References :
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CYTOLOGICAL STUDIES IN ULMACEAE, MORACEAE,
AND URTICACEAE

P. N. Mehra and B. S. Gill

The family Urticaceae, which embraces 42 genera and 600 species of

herbs, shrubs, and trees (Lawrence, 1951), is not of any great importance

to forestry, but Moraceae and Ulmaceae, which include respectively 15

genera with 150 species and 73 genera with over 1000 species (Lawrence,

I.e.), produce valuable timbers like Piratinera guianensis Aublet, Distemon-

anthus benthamianus Baillon, species of Morus L. and Artocarpus Forster

(Moraceae), and species of Celtis L. and Ultnus L. (Ulmaceae). In addi-

tion, rubber (Castilloa elastica Cerv. and Ficus elastica Roxb.), paper

(Broussonetia papyrifera (L.)Vent. and species of Streblus Lour.), dye

(Chlorophora tinctoria D. Don), etc. are commercially valuable products

obtained from Moraceae. In India, nine species of Moraceae, four of

Ulmaceae, and one of Urticaceae are recognized as commercial timbers

(Pearson & Brown, 1932).

For any rational tree breeding program, comprehensive data pertaining

to chromosome number, polyploidy, and aneuploidy in the desired genera,

in addition to knowledge of meiotic behavior and variability, are essential.

Cytological studies were, therefore, undertaken on the members of Ulma-

ceae, Moraceae, and Urticaceae from the Western Himalayas as a part of

the project on the cytological investigations of the Himalayan hardwoods

which we have been carrying on for some years.

MATERIAL AND METHODS

Meiotic studies were made from floral buds fixed in Carnoy's fluid and

squashed in 1 per cent acetocarmine. Use of glacial acetic acid saturated

with iron acetate in the fixative greatly improved the stainability of the

chromosomes. For mitotic studies, young leaf tips and root tips were pre-

treated with 0.003 M solution of 8-hydroxyquinoline for 3 hours at about

20°C, hydrolyzed in acetolacmoid and N.HC1 (9:1), and finally squashed

in acetolacmoid. Slides were made permanent in Euparal.

Figures were made at a uniform magnification of 1350 X- The voucher

specimens have been deposited in the Herbarium, Department of Botany,

Panjab University, Chandigarh, India.

OBSERVATIONS

Cytological studies were carried out on the material collected mostly

from wild populations from the Mussoorie, Nainital, and Simla hills in the
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Western Himalayas and adjacent plains, except in the case of Celtis cinna-

momea and Boehmeria platyphylla, which were collected from the Eastern

Himalayas. The chromosome numbers of 22 woody species belonging to

11 genera of these three families are given in Table 1, along with specific

localities of collections, previous reports, and flowering and fruiting sea-

sons. The numerals indicate months of the year. Thus 1 stands for January,

2 for February, and so on.

Ulmaceae
Holoptelea Planchon.

H. integrifolia Planchon.

A large deciduous tree, the only representative of the genus, producing

valuable timber. Common in the tropical moist deciduous forests along

the foot of the Himalayas and in outer ranges. Abundant in the moist

Sal-Bearing forests of the Nainital area. Bark: gray to dark gray,

slightly rough, cracked on the old trees.

Twenty-eight chromosomes were counted at mitotic metaphase

(Figure 4). Meiosis was perfectly normal and 14 bivalents regularly

constituted at metaphase-I (Figure 5).

Ulmus L.

U. wallichiana Planchon.

A medium- to large-sized deciduous tree and a source of commercial

timber. Found in the subtropical and temperate forests of the Western

Himalayas between 1000 and 3000 m.; not common in the Nainital hills.

Bark: brown, rough, vertically fissured.

The somatic chromosome number was determined as In = 28 (Figure

6). The karyotype was asymmetrical. Of the 14 pairs of chromosomes,

1 1 were acrocentric, two metacentric, and in one pair the primary con-

striction was not clear.

Celtis L.

C. australis L. var. australis.

Trees to 25 m in height, often with straight cylindrical boles, and

providing timber of commercial importance. Growing throughout the

Western Himalayas up to 2700 m., often in open forests. Bark: ash-

gray to gray, smooth on young but rough on old trunks, often with

horizontal streaks. Drupe glabrous to pilose.

The chromosome number, as determined from the leaf-tip mitosis, was

In = 40 (Figure 19). Fifteen pairs were metacentric and three acro-

centric while a centromere could not be located in the remaining two

C. australis var. eriocarpa Dene.

A tree up to 15 m. in height. Common in the Nainital hills between

1000 and 1800 m. Bark: light gray, slightly rough, often with horizontal

streaks. Drupes pubescent to woolly.

number as determined from PMC s was n = 10

(Figure 20). Meiosis was normal.
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C. tetrandra Roxb.

A small to large deciduous tree. Found in the subtropical Himalayas

from the Sutlej eastwards to Sikkim, between 1000 and 1500 m. Bark:

gray to ash-gray, smooth.

Ten bivalents were invariably counted at diakinesis (Figure 21) and

metaphase-I.

Artocarpus Forster.

A. lakoocha Roxb.

A large tree attaining a height of 18 m. in the Himalayas, with short

bole and spreading branches. Found in the tropical Himalayas from

Kumaon eastwards, chiefly in evergreen forests. Not common in the

Kumaon hills. Often planted. Wood of commercial value. Bark:

reddish 1

Morns laevigata,

The haploid chromosome number was n = 28 (Figure 8). The species

is tetraploid on the base number x = 14. Meiosis was found to be normal

and pollen fertility 100 per cent.

Morus L.

M. alba L.

A small to medium-sized deciduous tree producing valuable timber for

the sports industry. Occurring wild up to 2000 m. in the outer Himalayan

ranges, but often planted for its fruit. Bark: pale brown to grayish
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month of September. Meiosis was perfectly normal with 100 per cent

pollen fertility.

Fourteen bivalents were regularly constituted at metaphase-I of

which one was conspicuously larger than the rest (Figures 9, 22).

M. serrata Roxb.

A medium-sized deciduous tree with spreading branches and short

bole. Growing in temperate forests of the Western Himalayas, often

along moist and shady ravines, but not very common in the Nainital and

Simla hills. Timber of some commercial importance. Bark: reddish

brown, rough.

The chromosome number « = 42 (Figure 23) was observed at

metaphase-I in populations worked out from various localities in the

Nainital and Simla hills. Meiosis was normal and 42 chromosomes were

regularly distributed at A-I (Figure 24). Pollen fertility was 100 per

M. laevigata Wallich.

A middle-sized deciduous tree and source of timber. Occurring wild

(and also cultivated) in the tropical and subtropical Himalayas, but not

common in the Nainital area. Bark: reddish brown, rough or somewhat

smooth with conspicuous transversely oriented lenticels (Figure 2).

Two cytotypes have been discovered. Figure 10 shows a pollen mother

cell at metaphase-I with 14 bivalents from populations in the Nainital

hills. It is diploid. A tetraploid cytotype was discovered in the Khasia

and Jaintia hills which showed n = 28 at metaphase-I (Figure 25).
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The two are distinct morphologically, the tetraploid being larger in all its

F. religiosa L.

A large deciduous tree with irregular trunk. Occurring wild in the outer

and sub-Himalayan ranges up to 1500 m.; also planted. A source of

timber of minor commercial importance. Bark: almost smooth, grayish

brown, exfoliating in woody scales.

The chromosome number In = 26 was determined from leaf-tip mito-

sis (Figure 11).

Small-leaved form:

This differs from the normal type in having smaller leaves, shorter

petiole, fewer lateral veins but relatively longer acumen (Figure 3).

However, bark character, stomatal size, and number of stomata per unit

area are the same in both types. A comparative account of the normal

and small-leaved forms is presented in Table 2.

"able 2. A comparison of the normal and small-leaved forms of Ficus religiosa.

Smooth,

grayish b

Habit Large tr

Bark Smooth,

length 16.0-31.

blade size

8.0-12.

acumen 3.0- 4.

petiole

Stomata:

size 35.0-41.

number per

Diameter of

These forms have sympatric distribution and grow in similar ecologi-

cal conditions.

At diakinesis, 13 bivalents were invariably counted in the small-leaved

form as well (Figure 26).
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importance. Common in forests at the foot of the Himalayas and its

outer ranges up to 1000 m., in moist places, generally along streams.

Bark: pale brown, smooth.

Figure 12 shows the somatic complement of 26 chromosomes.
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Broussonetia Vent.

B. papyrifera (L.) Vent.

A fast growing tree of medium size. Adapted to different ecological

conditions, but naturalized in many parts of India. Indigenous to China
and Burma.

The chromosome number in individuals from several different locali-

ties was found to be n = 13 (Figure 14). Meiosis was normal in the
trees from Dehra Dun, whereas those from the Nainital hills showed
chain formation at diakinesis and metaphase-I due to heterozygosity for

translocations. A chain of six chromosomes and 10 bivalents was ob-
served in many PMC's (Figure 15). Pollen fertility in such individuals

was 90-95 per cent. The taxa with and without translocations were
morphologically identical.

Urticaceae

Boehmeria Jacquin.

B. rugulosa Weddell.

A small to medium-sized, evergreen tree, often with short bole. Found
in the Himalayan subtropical forests ascending to 1800 m., and com-
mon in the Nainital and Mussoorie hills. Wood of some commercial
value. Bark: dark brown, rough, furrowed.

Twenty-eight bivalents were counted at metaphase-I (Figure 16) in

the population studied from different localities in the Nainital and Mus-
soorie hills. Meiosis was perfectly normal.

B. platyphylla D. Don.
A variable common shrub growing in the subtropical and temperate

Himalayas.

Fourteen bivalents were invariably present in the population from the

Mussoorie hills (Figure 17), whereas those from the Darjeeling hills

were found to have 28 bivalents (Figure 18).

DISCUSSION

Of the 22 species presently investigated nine were studied for the first

time and new cytotypes for two of these were discovered.

Ulmaceae
Love and Love (1961) suggest x = 7 as the base number of the genus

Ulmus, whereas the species of this genus cytologically known up to now,
and even those of Holoptelea and Zelkova, have n = 14 or In = 28, ex-

cept for the intraspecific tetraploid races of U. americana and U. glabra
with 2m = 56 (Sax, 1933; Santamour, 1969; Ehrenberg, 1949). As such,

x = 14 seems to be the base number for Ulmus, Holoptelea, and Zelkova,
as was proposed by Darlington and Wylie (1955). Like most of the woody
taxa, the speciation in these three genera appears to have taken place

mostly at the diploid level, rarely involving change in the chromosome
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In Celtis and Trema, on the other hand, numerical changes in the basic

set have been among the factors involved in the evolution of the species.

Besides n = 10 or 2n = 20 in several members of the genus Celtis, includ-

ing the presently studied ones, In = 22 was counted in C. spinosa (Covas

& Schnack, 1947), n = 13 in C. nervosum (Chuang et al., 1963), In = 28

in C. occidentalis (Sax, 1933), and 2n = 40 in C. australis (Bowden, 1945;

the present investigations). The prevalence of n = 10, which is also the

lowest existing haploid number in Celtis, suggests the original base number

of the genus is x = 10, which is also shared by the closely allied genus

Trema (Hans, 1971).

The present counts of n = 10 and In = 40 in the Himalayan populations

of Celtis australis confirm the report of In = 40 by Bowden (1945) and

also establish the existence of intraspecific polyploidy. The tetraploid

(2» = 40) differs from the diploid (n = 10) in having glabrous to pilose

drupes, in contrast to the pubescent to woolly ones in the latter.

Moraceae
The chromosome numbers of the presently studied taxa of Moraceae are

based either on x = 13 or x = 14, which are the prevalent base numbers in

the family. Polyploidy seems to have played some evolutionary role in the

genera Ficus, Moms, and Artocarpus. Six cases of interspecific polyploidy

are recorded in Ficus and there are four species which show intraspecific

polyploidy (Condit, 1964; Pancho, 1966). In the genus Morus, M. cath-

ayana with In = 56, 84, 112 (Janaki-Ammal, 1948), and M. nigra with

2n = 89-106 (Voltattorni, 1947) and 308 (Thomas, in Darlington &
Wylie, 1955) are the outstanding instances of high intraspecific polyploids.

In M. serrata, Janaki-Ammal (1948) observed a diploid somatic count,

In = 28, while the Nainital and Simla populations of the species with

n — 42 are hexaploid. M. laevigata is another Indian species possessing in-

traspecific polyploids, a diploid with In = 28 (Janaki-Ammal, 1948; Das,

1961) and a tetraploid with n = 28 or 2n = 56 (Datta, 1954; Das, 1961;

Hans, 1972; and the present investigations).

The tetraploid A. lakoocha and A. heterophyllus, with n = 28, and the

hexaploid cytotype of Morus serrata have perfectly normal meiosis.

Meiotic abnormalities in some populations of Broussonetia papyrifera,

which is diploid, are obviously a consequence of chromosomal interchanges.

In spite of the small size of chromosomes, up to six chromosomes are in-

volved in chain formation. Mehra and Hans (unpublished) observed a ring

or chain involving as many as 1 6 chromosomes and an even smaller second

ring in the East Himalayan taxon. The species grows well under varied

ecological conditions. Whether these translocations have imparted any

selective value for a particular environment is hard to suggest.

Urticaceae

Darlington and Wylie (1955), and Love and Love (1961) proposed

x = 7 as one of the base numbers for the genus Boehmeria. On this basis

B. rugulosa and the cytotype of B. platyphylla from the Eastern Himalayas
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with n = 28 are octoploid, while the West Himalayan taxon of B. platy-

phylla with n = 14 is tetraploid. These polyploids, however, are perfectly

balanced.

Out of the 25 taxa of the families investigated presently, seven are poly-

ploids. Thus the percentage of polyploidy is 28 per cent in these woody

SUMMARY

Cytological studies on 22 West Himalayan woody species belonging to

Ulmaceae, Moraceae, and Urticaceae have been carried out. Of these, the

commercial timbers are Holoptelea integrijolia (n = 14, In = 28), Ulmus

wallichiana {In = 28), Celtis australis (n = 10, In = 40) (Ulmaceae);

Artocarpus lakoocha (n = 2S),Morus alba (n = 14) , M .
serrata (n = 42),

M. laevigata (n = 14, 28), Ficus religiosa (n = 13, In = 26), F. glo-

merata {In = 26) (Moraceae), and Boehmeria rugulosa (n = 28) (Urti-

caceae). The taxa of Broussonetia papyrifera {n = 13) with and without

chromosomal interchanges are morphologically identical. Morphological

forms of Ficus religiosa which differ in leaf and fig size have sympatnc dis-

tribution and the same chromosome number n = 13. Intraspecific poly-

ploidy in Celtis australis (2x, Ax) and Boehmeria platyphylla {Ax, Sx) have

been recorded here for the first time. Polyploidy seems to have played some

role in Artocarpus, Moms, and Ficus, whereas in Ulmus and Holoptelea

speciation has occurred at the diploid level.
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